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THE PROBLEM 


In the course of a study of the biology of certain acid soils it was 
found that magnesium carbonate causes a great increase in the reproduc- 
tion of soil bacteria. Just what effect this great increase in number of 
bacteria has on the fertility of the soil is a problem beyond the scope of 
this paper. However, it is a well-established fact that the majority of 
the changes of soil constituents are brought about by microorganisms, 
These substances, which are constantly undergoing changes, are influ- 
enced by the number and kinds of bacteria. 

The beneficial effect of lime, calcium carbonate, and magnesium car- 
bonate on the growth of higher plants is generally preceded by an increase 
in the number of bacteria. Evidence is sufficient to warrant the con- 
clusion that an increase in the number of soil microorganisms is usually 
reflected in a more rapid decomposition of organic matter and a greater 
liberation of the inorganic soil constituents, chiefly potassium and phos- 
phorous. 

Although many important data have been obtained in relation to the 
effect of liming on the bacteria in soil, there still remain problems which 
deserve careful investigation—for example, the amount and kind of lime 
and calcium and magnesium carbonates that can be applied most eco- 
nomically and yet give the best results. 

The investigations of this paper were undertaken with the hope of 
throwing some light upon the problem of soil bacteria and their response 
toapplications of magnesium carbonate, calcium carbonate, and limestone. 

The effect of these substances on pure cultures of bacteria and on the 
ordinary soil flora was observed in— 

(2) Acid Colby silt loam soil; 
(b) Acid Plainfield sand; 
(c) Neutral Miami silt loam. 





! This paper is submitted in partial fulfillment of the requirements for the degree of doctor of philosophy 
in bacteriology in the Graduate School of the University of Wisconsin, July, 1917. 

3 The writer is indebted to Dr. E. B. Fred, of the Wisconsin Experiment Station, for supervision and 
suggestions in the experimental work and preparation of the manuscript. 
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REVIEW OF LITERATURE 


A complete review of the literature, showing the effect of lime (CaO), 
calcium carbonate (CaCO,), and magnesium carbonate (MgCO,) on soil 
microorganisms, is not attempted in this paper. Only a brief résumé of 
certain of the more important papers is given. 

Although this paper is primarily concerned with the relation of soil 
microorganisms to calcium and magnesium carbonates, it was deemed 
worth while to include a brief review of results obtained from the use of 
lime and limestone. Under ordinary soil conditions, calcium oxid, or 
lime, is soon converted into calcium carbonate. Because of the frequent 
occurrence of magnesium in limestone, this substance was included in 


the discussion. 
NUMBER OF ORGANISMS 


In 1901 Chester (7)! made plate counts of an acid soil which had re- 
ceived lime at the rate of 1,000 to 4,000 pounds per acre. In every case 
the lime increased the total number of bacteria; the greatest gain was 
noted where the largest amount of lime was applied. 

Fischer (18) treated soil with lime and calcium carbonate at the rate 
of 0.1 to 3.0 per cent by weight of soil. The calcium carbonate and lime 
were added in gram-molecular equivalents. His results showed that 
0.1 and o.2 per cent of lime after three days gave an increase in the 
total number of bacteria. Treatments amounting to 0.5 per cent and 
more were harmful at first, but later gave an increase beyond that of the 
control. The data showed that a slight increase in the number of bac- 
teria occurred when calcium carbonate was added to the soil. 

Several years later, Hutchinson (23) made somewhat similar experi- 
ments, using lime and calcium carbonate. He also found that lime at 
first exerted a depressing effect but later gave rise to an increase in the 
number of bacteria. He concluded that the reduction in the number of 
bacteria immediately after treatment with lime was due to the caustic 
effect of the oxid, since no injury was noted after the oxid changed to 
carbonate. He believed the benefit from liming was due in part to the 
gain in soluble organic matter, to the improvement in the physical con- 
dition, and to the correction of the acid reaction of a soil, all of which 
tended to bring about a better environment for the development of bac- 
teria. However, this investigator held that these changes brought 
about by the action of liming did not seem sufficient to account for the 
enormous increase in plant growth. He assumed, therefore, that the 
action of lime was much the same as an antiseptic—that is, it caused a 
partial sterilization. 

In a later publication, Hutchinson and MacLennan (24) reported the 
results of experiments with lime and calcium carbonate on five different 
soils. The range of reaction in these soils varied from neutral to strongly 





1 Reference is made by number (italic) to “ Literature cited,’’ pp. 500-504. 
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acid. Lime was added in amounts varying from 0.1 to 1.0 per cent, 
while calcium carbonate was added in amounts of 1.0 per cent only. 
Besides the total number of bacteria, these investigators determined the 
nitrate and ammonia nitrogen of the soils subjected to this treatment. 
The results of the experiments showed that in all of the soils, liming 
increased the number of bacteria. At first the heavier applications of 
lime retarded and later stimulated the reproduction of microorganisms. 
The acid soil required more lime to retard the growth of bacteria than 
the nonacid soils. As a result of liming, ammonification and nitrifica- 
tion in all of the soils was increased. The authors concluded that differ- 
ent soils varied in relation to the amount of lime needed to effect partial 
sterilization. They assumed that each soil absorbed a certain amount 
before the antiseptic action began. 

Miller (5r) carried out a rather intensive study of the effect of lime 
and calcium carbonate in both calcium-rich and calcium-poor soils, and 
also in soils low and high in organic matter. His results were in accord- 
ance with those obtained by many other investigators—namely, that 
lime in small amounts increased the number of bacteria, while larger 
application, decreased at first and later increased the number. To this 
investigator it appeared that lime was a direct stimulant to the soil 
flora. The same general increase was obtained with soil low and soil 
high in calcium content, and also in soils low and high in organic matter. 
Unlike lime, calcium carbonate brought about only a slight increase in 
the number of bacteria. 

Beckwith, Vass, and Robinson (3) applied lime at the rate of 2 tons 
per acre to both acid and nonacid soils. Only the soils with an acid 
reaction or where large amounts of organic matter were added showed 
an increase in the number of bacteria from the lime treatment. Under 
the same conditions ammonification and nitrification responded in a 
like manner. 

Soil was treated with lime, magnesium oxid, and magnesium car- 
bonate by Lemmermann and Fischer (34). They found that mag- 
nesium oxid caused a greater increase in the number of bacteria than 
did either lime or magnesium carbonate. 

Engberding (13) treated clay soil with 0.1 per cent of lime and with 
0.5 per cent of magnesium oxid. Both treatments increased the number 
of bacteria, although the lime seemed to give better results. 

Jenkins and Britton (26) showed that by using heavy applications of 
lime with raw-bone meal, the latter was decomposed more rapidly. 

Fabricius and Van Feilitzen (14) noted an increase in the number of 
bacteria in moor soils treated with lime. 

Lemmermann, Fischer, Kappen, and Blanck (35) reported a gain in 
the number of bacteria in cultivated and noncultivated moor soils and 
in clay soils when lime or calcium carbonate was added. However, an 
increase in the number of bacteria was not shown in a sandy clay soil 
or in a sandy soil. 





466 Journal of Agricultural Research Vol. XII, No. 8 





AMMONIA AND NITRATES 


Withers and Fraps (62, 63) added calcium carbonate to soil treated 
with nitrogenous material and observed a gain in nitrates which was 
greater in the calcium-carbonate soil than in the control. Koch (31) 
reported similar results by applying lime. Fraps (zg) treated acid and 
nonacid soils with calcium and magnesium carbonates and noted an 
increase in nitrates in all cases, especially in the acid soil. However, 
calcium carbonate gave better results than were obtained with mag- 
nesium carbonate. 

By applying calcium carbonate to a soil treated with ammonium 
sulphate, Lemmermann, Blanck, Heinitz, and Von Wlodeck (36) no- 
ticed a loss in ammonia. Lipman, Brown, and their associates (4, 5, 
42, 43) studied the effect of calcium carbonate on the actitivies of soil 
microorganisms. Lipman and Brown (44) showed an increase in am- 
monification with monocalcium phosphate [CaH,(PO,),] and dicalcium 
phosphate [Ca,H,(PO,),], but a decrease with tricalcium phosphate 
[Ca,(PO,),] when applied to soil. 

Wohltmann, Fischer, and Schneider (64) inoculated liquid media 
with soil treated with magnesium oxid and lime and observed an increase 
in both ammonification and nitrification. Hutchinson (22) observed 
that in liquid cultures magnesium carbonate retarded nitrification in 
practically every case, while calcium carbonate had but little influence 
on this process. 

Vogel (57) inoculated a nitrogenous solution containing calcium 
carbonate with a soil suspension and obtained an increase in ammonia. 
A similar test for nitrification was made, but an increase in nitrates was 
not obtained. Somewhat similar results were obtained by Paterson 
and Scott (53). Hutchinson and McLennan (25) reported that calcium 
carbonate treatments caused a slight increase in nitrification in soil. 

Greaves (21), working with a Utah soil high in lime and magnesium 
oxid, found that calcium carbonate in all concentrations increased the 
formation of ammonia, while magnesium carbonate retarded ammonifi- 
cation except when applied in very small amounts. The chlorids of 
magnesium and calcium appeared to be very toxic. With a Japanese 
soil Machida (48), of the Japanese Experiment Station at Tokio, noted 
that calcium chlorid retarded ammonification, while magnesium chlorid 
increased it. He found that nitrification was favored more by the use 
of magnesium carbonate than by calcium carbonate. 

The work of McBeth and Wright (49) showed that the chlorids, the 
sulphates, and especially the carbonates inhibited nitrification. Lyon 
and Bizzell (47) reported that 10 days after treatment with lime the 
number of bacteria was doubled. 

Fred and Graul (20) concluded that the accumulation of nitrates from 
casein or gelatin in acid soils was not materially benefited by calcium 
carbonate. In many cases in acid soil calcium carbonate increased and 
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later decreased the nitrate content, and it was assumed that a loss of 
nitrate nitrogen occurred because of the increase in the total number of 
microorganisms. 

Allen and Bonazzi (1) showed that the addition of ground limestone 
to a noncalcareous soil brought about a more rapid nitrification. Kelley 
(28) studied the effects of calcium and magnesium carbonates on ammoni- 
fication and nitrification in a California soil high in basic substances. 
His results showed that calcium carbonate benefited ammonification 
slightly and nitrification to a great extent, while magnesium carbonate 
was toxic to both processes. This investigator failed to show any def- 
inite ratio of calcium and magnesium which favored the nitrifying and 
ammonifying power of this soil. With Hawaiian soils, high in lime and 
magnesium oxid, Kelley (29) obtained similar results. Dolomitic and 
calcareous limestones gave results similar to those obtained with calcium 
carbonate. 

Kellerman and Robinson (27) obtained nitrification of ammonium 
sulphate in a soil with a high magnesium content. When calcium car- 
bonate was added, an increase in nitrification was noted; with magnesium 
carbonate a decrease, except when the latter substance was added to the 
soil in very small amounts. Owen (52) reported that magnesium car- 
bonate favored nitrification more than calcium carbonate. 

White (6r) and Voorhees and Lipman (58) treated soil with pure lime 
and with a lime containing magnesium. Better nitrification and in most 
cases better ammonification was obtained from the magnesium than 
from the nonmagnesium limed soil. Soil treated with magnesium car- 
bonate and inoculated into a liquid medium was shown by Lipman and 
Brown (41) to retard nitrification. 

It was shown by Ehrenberg (12), Lemmermann, Aso, Fischer, and Fres- 
enius (37), and Wheeler, Sargent, and Hartwell (60), that when lime or 
calcium carbonate was applied to soil, the decomposition of organic 
matter was accelerated. 


NITROGEN FIXATION 


Fischer (15, 16) demonstrated the fact that both lime and magnesium 
oxid increased the reproduction of Bacillus azotobacter in soil. The oxid 
of magnesium seemed to give better results than lime. , 

So much is Bacillus azotobacter influenced by lime that Christensen and 
Larsen (9) suggested the use of this organism to measure the reaction of 
soil. In a later publication Christensen (8) showed that the growth of 
this organism in solution took place only when inoculated with a basic 
soil. In their work with Danish soils, Weis and Bornebusch (59) confirmed 
Christensen’s results. Loew (45) showed that lime added to a soil in- 
creased the growth of the film of B. azotobacter formed in liquid cultures. 
Results similar to Loew’s were obtained by Cauda (6) when calcium car- 
bonate was used. 
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Fischer (16) obtained a better growth of Bacillus azotobacter from limed 
than from unlimed clay soil. On the other hand, Koch, Litzendorf, Krull, 
and Alves (32) reported that lime retarded free-nitrogen fixation. Kriiger 
(33) treated soil with lime and obtained an increase in nitrogen fixation. 

Purer and better film growth of Bacillus azotobacter was obtained by 
Ashby (2) with magnesium carbonate than with calcium carbonate. 

The effect of calcium carbonate and magnesium carbonate on the 
fixation of nitrogen by Bacillus azotobacter, both in liquid cultures and in 
soil, was studied by Lipman and Burgess (40). In every case magnesium 
carbonate alone proved toxic. These authors observed that when 15 
parts of calcium carbonate were mixed with 1 part of magnesium car- 
bonate, the latter was no longer toxic to this organism. 


SUMMARY OF LITERATURE 


From the citations just given it appears that the addition of calcium 
and magnesium, either in the form of oxid or carbonate, to soil, and 
especially to acid soil, brings about conditions favorable to the growth 
of certain groups of microorganisms. There are many factors which have 
been given little or no consideration—for instance, what relationship 
exists between the total number of bacteria in soil and the quantity of 
soil acid neutralized? With few exceptions, little attention has been 
directed toward the relative effect of calcium and magnesium carbonates 
on the soil flora. There exists a diversity of opinion with regard to the 
relation of bacteria to these two compounds. This lack of harmony may 
be due to the difference in the soil types which have been studied. 

Again, it seems that no one has tried to measure the effect of calcium 
and magnesium carbonates on pure cultures of bacteria in sterilized 
acid soil. To obtain information with regard to these points, a series of 
experiments was planned. 


EXPERIMENTAL WORK 


For this study three Wisconsin soils, acid Colby silt loam, acid Plain- 
field sand, and neutral Miami silt loam, were used. The Colby silt loam 
was collected near Marshfield, the Plainfield sand from Hancock, and 
the Miami silt loam from Madison. At the laboratory each soil was 
passed through a 4-mm. sieve and thoroughly mixed. 

The percentage composition of these soils is given below: 





Colby silt | Miami silt | Plainfield 
loam. loam. sand. 


Constituent. 





ts 8 k 0. 93 

as ; . 09 
Phosphorous . 072 . + 032 
Calcium oxid . 0907 . + 0023 
Organic matter 3-91 ’ 
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The calcium-carbonate requirement of the acid soils was determined 
according to the Truog barium-hydroxid method. In calculating the 
amount of acid in each soil only the active acidity was considered. For 
every 100 gm. of Colby silt loam on the dry basis 1.05 gm. of calcium 
carbonate were required to correct the active acidity, and for 100 gm. of 
Plainfield sand 0.21 gm. ‘Three different bases were used to neutralize 
the acidity in these soils—namely, pure precipitated calcium carbonate, 
pure precipitated magnesium carbonate, and commercial ground lime- 
stone. The limestone, the analysis of which showed 53 per cent of calcium 
oxid and 43 per cent of magnesium oxid, was ground to pass through a 
100-mesh sieve. 

Aside from the compounds just named, monocalcium phosphate was 
used in certain experiments. The phosphate was employed to find out 
whether or not the calcium of this phosphate salt would serve in a like 
capacity as that of calcium carbonate. Accordingly the monocalcium 
phosphate was added to the soil alone and in various mixtures with cal- 
cium carbonate. 

The calcium carbonate, magnesium carbonate, and limestone were 
added in amounts sufficient to satisfy one-fourth, one-half, and full cal- 
cium-carbonate requirement—that is, to neutralize one-fourth, one-half, 
and the total active acidity. The phosphate was added in varying 
amounts. After the bases and phosphate were thoroughly mixed with 
the soil, the latter was then poured into earthenware jars and the moisture 
content raised to one-half saturation with distilled water. At definite 
intervals samples were drawn and plate counts made. ‘The soil of each 
jar, after the sample had been drawn, was poured on sterile paper, thor- 
oughly mixed, and returned to the original jar. In order to reduce evapo- 
ration and to prevent outside contamination, the jars were covered with 
cheesecloth. The entire series of jars was incubated in the greenhouse 
at approximately 22° C. 

At regular intervals the effect of these compounds on the total number 
of bacteria in the soil, on ammonification, and on nitrification was 
studied. 


INFLUENCE OF CALCIUM CARBONATE, LIMESTONE, AND MONOCALCIUM 
PHOSPHATE ON THE NUMBER OF BACTERIA IN SOIL 


COLBY SILT LOAM.—Two-kgm. portions of soil were treated as outlined 
in Table I and incubated for a period of five months. During this time 
eight plate counts were made with Heyden-Nahrstoff agar. These plates 
were incubated at 27° C. for 10 days. The influence of monocalcium 
phosphate on the number of bacteria in the soil was tested simultaneously 
with that of the carbonates. The data of this experiment are given in 
Table I. 
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TABLE I.—Influence of calcium carbonate, limestone, and monocalcium phosphate on the 
number of bacteria in Colby silt loam 





Number of bacteria in x gm. of dry soil. 





After 2 | Rela-| Afters |Rela-} After8 | Rela-| After so | Rela 
weeks. | tive.| weeks. | tive.| weeks. | tive.| weeks. 





18, 600, 000) 19,200,000}  100)12, 800, 000 13,000,000} 100] 6, 700, 000 





21, 000, 000! 22,400,000] x16)a1, 300, 000 18,000,000] 138/16, 400, 000 


20, 500, 000) 26, 000, 000} 135)|14, 000, 13, 000, OOO} 100)14, 700, 000) 





18, 100, 000} 97/21, 200,000] 210/13, 100, 000) 18,000,000} 138/13, 600, 000) 





21,000,000] 113/24, 500, 000} 15, 000, O00} 16,000,000] 123/13, $00,000) 
+ +]25) 300,000} — 136\19, 500, 000} 15 $00, 000) 14,900,000] 114/11, $00, 000) 
22,300,000] 120/18, 100, 000 20, 700, 000! 17,100,000] 131/12, 700, 000) 


| 


14, 300,000] 77/15, $00, 000) 18, 000, 090) 13) $00,000] 203] 6, 400, 000 


22, 300, 000) Be weseerset 120, 200, 000 13, 600, 000) 8, 300, 000 


16, 000, 000) 86, 18, 300, 000) 17) 400, 000) 


ite .|22, 200, C00} 129) $00, OOO) Ss 14, 300, 000) 








bonate 14) 200, 26, 200,000] 204/15, 200, 000) 11, 600, 000 
2 gm. monocalcium 
phosphate + full 

cium carbonate .|16, 100, 000 135,600,000] 278/12, 500, 000 TI, 000, 000 


| 



































It will be seen from the figures in Table I that in practically every case 
calcium carbonate, either pure or in the form of limestone (dolomitic), 
increased the growth of bacteria to a considerable extent. As compared 
with the untreated soil, the favorable influence of the calcium compounds 
on the number of bacteria was greatest 3, 8, and 20 weeks after treat- 
ment. Apparently these compounds of calcium, especially the carbonate, 
have little influence on the soil flora for the first week. ‘This is to be 
expected, since calcium carbonate is very slowly soluble. 

The most striking fact noted from the results of this experiment is 
the marked stimulation of the microorganisms following small applica- 
tions of calcium carbonate. Figure 1 is a diagram showing the effect 
of calcium carbonate and limestone on the total number of bacteria. 
One-fourth enough calcium carbonate to neutralize the entire soil acidity, 
with only one exception, showed the greatest increase in the number of 
bacteria. If grouped according to their effect on the number of soil 
organisms, one-fourth calcium carbonate gave the greatest gain in the 
number of bacteria, one-half, the next greatest, and full, the least. The 
beneficial effect of calcium carbonate extended over the entire period of 
five months—that is, the treated soil gave a decided increase in the total 
number of, bacteria as compared with the untreated soil. In general, 
pure calcium carbonate proved superior to limestone in its effect on the 
bacteria of Colby silt loam soil. This superiority of calcium carbonate 





Feb. 25, 1918 Influence of Carbonates on Soil Bacteria 471 





as compared with limestone was due probably to the difference in solu- 
bility of the two compounds; pure calcium carbonate is more soluble 
than the dolomitic limestone. 

The monocalcium phosphate in small amounts apparently did not in- 
crease the total number of bacteria, whereas in larger amounts, applied 
alone, it was slightly beneficial. In two instances a combination of 
calcium carbonate and phosphate showed an increase in the total num- 
ber of microorganisms. However, in most cases the increase was no 
greater than that obtained with calcium carbonate alone. 


» 
A 
8 























7 #567 &x123456 7 7 7 ms 6 
| Week 2Weeks 20 Weeks : 
Fic. 1.—Diagram showing the influence of calcium carbonate and limestone on the number of bacteria in 
Colby silt loam. 


z=no treatment. s= one-fourth limestone. 
a= one-fourth cacium carbonate. 6= one-half limestone. 
3g= one-half calcium carbonate. 7= full limestone. 

4= full calcium carbonate. 


A comparison of the influence of calcium from calcium phosphate 
with that from calcium carbonate on the number of bacteria in Colby 
silt loam is shown in figure 2. Although there are many fluctuations, 
the results indicate that calcium phosphate alone or with calcium car- 
bonate increases the number of bacteria much sooner than does the 
carbonate alone. Here the maximum gain with the phosphate was 
noted 3 weeks after treatment instead of 20 weeks, as in the case of cal- 
cium carbonate. 

PLAINFIELD SAND.—The preceding experiment was repeated with a 
Plainfield sand, a soil very low in organic matter. The results obtained 
in this test are presented in Table II. 





472 Journal of Agricultural Research Vol. XII, No. 8 





TABLE II.—Influence of calcium carbonate, limestone, and monocalcium phosphate on the 
number of bacteria in Plainfield sand 





Number of bacteria in 1 gm. of dry soil. 





Rela-| After 2 |Rela-| After3 |Rela-| After 8 | Rela-| After 20 
tive. | weeks. | tive.| weeks. | tive. | weeks. | tive.] weeks. 











ste eeeeeeceenee «| EQ, 300,000]  100)3, 500,000) 5,500,000}  100'4,700,000} 1100/2, 450, C00) 
ourth calcium | 

carbonate. ...........]10,000, 000! 97/3, 600, 000) 6,000,000}  109/6,600,000! 140! 4, 850, coo!) 

Oue-half calcium car- 


eee ea II, 200,000] 2037, 700,000, 1164/4 330, 000] 


Full calcium carbonate.| 6,000, 000 |18, 300, 000 332/7, 300,000) — 1§§/5, 800, 000 

One-fourth limestone. ..} 5,800,000 II, 000, 000) 181] 4, 000, 000) 

One-half limestone. . .. .| 8,000,000 0, 000, 000 164] 3, 000, 000! 

Full limestone..... + ++++] 9700, 000 9) 700, 000) | 154] 4) 530, 000) 
ium 


8, 500, 000 5» 700, 000} 4) 100, C00} 872, 650, o00) 


5) 000, 000! 8, 900, 000) 3» 200, 000) 68} 2, 000, 000) 


fer calcium car- 

“aisases ants +1116; 000)000 3) 100, 000 8,000, 000 

a gm. cium 
pheaphate + full 

calcium carbonate. . .|12, 000, 000! 43 200, 000) 

2 gm. monocalcium 
phosphate + one- 

— calcium car- 

RE - 9» 300, O00; 

2 gm. monocalcium 
phosphate + full 
calcium carbonate... 00 | 70» 300; 000 

































































34567 123456 123456 723456 3456 
( Week 2 Weeks 3 Weeks 8 Weeks 20Weeks 
Fic. 2.—Diagram showing the influence of calcium carbonate and monocalcium phosphate on the number 
of bacteria in Colby silt loam. 
r=no treatment. 


a™=0.5 gm. monocalcium phosphate. 

3™2 gm. monocalcium phosphate. 

4™0.5 gm. monocalcium phosphate +-one-fourth calcium carbonate. 
s™0.§ gm. monocalcium phosphate+-full calcium carbonate. 

6=2 gm. monocalcium phosphate+one-fourth calcium carbonate. 
7=2 gm. monocalcium phosphate+full calcium carbonate. 
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The results reported in Table II differ somewhat from those obtained 
with Colby silt loam. One week after the treatment there was a decrease 
in the number of bacteria in the soil treated with both the calcium car- 
bonate and limestone. However, after the first week the treated soil 
showed an increase in the number of bacteria. 

In contrast with the results of the Colby silt-loam experiment, the 
Plainfield sand, to which one-fourth calcium carbonate or limestone was 
added, did not give any marked gain in the total number of bacteria 
after 1 and 2 weeks. After 3, 8, and 20 weeks, one-fourth calcium car- 
bonate caused a slight increase in the number of soil organisms. It is 
evident that one-half or full neutralization of the soil acids by the calcium 
carbonate was required to give the greatest increase in the number of 
bacteria (fig. 3). 





s Millions 




















' t Week : 2 Leeks 3 Weeks 20 Weeks : 
Fic. 3.—Diagram showing the influence of calcium carbonate and limestone on the number of bacteria in 
Plainfield sand. 
1=no treatment. s=one-fourth limestone. 
a= one-fourth calcium carbonate. 6=one-half limestone. 
3= one-half calcium carbonate. 7=full limestone. 
4~ full calcium carbonate. : 

In general, light applications of limestone gave a greater increase in 
the number of microorganisms than did calcium carbonate. A difference 
in the nature of the soil acid in Colby and Plainfield sand probably ac- 
counts for the difference in quantity of calcium carbonate required to 
stimulate the reproduction of bacteria. 

Where monocalcium phosphate was added alone to the sandy soil, 
practically no increase in the number of bacteria was obtained. A com- 
bination of the phosphate with calcium carbonate apparently did not 
stimulate the multiplication of bacteria any better than did calcium 
carbonate alone except where a combination of 0.5 gm. of monocalcium 
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phosphate and one-fourth calcium carbonate requirement was used. It 
is surprising that this combination should favor the development of bac- 
teria more than a heavier application of the same combination (fig. 4). 


INFLUENCE OF MAGNESIUM CARBONATE ON THE NUMBER OF BACTERIA 
IN SOIL 

CoLBy SILT LoAM.—Since pure calcium carbonate or dolomitic lime- 

stone failed to give a large increase in the total number of bacteria, an 

attempt was made to determine what effect magnesium carbonate would 

have on the soil flora. Accordingly an experiment was planned in which 

pure magnesium carbonate was added to the soil. The magnesium car- 























F] 4356 
20 Weeks 
Fic. 4.—Diagram showing the influence of calcium carbonate and monocalcium phosphate on the number 
of bacteria in Plainfield sand. 

tno treatment. 

2™0.5 gm. monocalcium phosphate. 

3™2 gm. monocalcium phosphate. 

4™0.§ gm. monocalcium phosphate+one-fourth calcium carbonate. 

s5™0.5 gm. monocalcium phosphate+full calcium carbonate. 

6=2 gm. monocalcium phosphate+one-fourth calcium carbonate. 

7= 2 gm. monocalcium phosphate+full calcium carbonate. 


bonate was applied to the soil in the gram-molecular equivalent of cal- 
cium carbonate. The procedure in this experiment was similar to that 
just described. The results of this test are presented in Table ITI. 


TABLE III.—Influence of magnesium carbonate on the number of bacteria in Colby silt 
loam 


* 





Number of bacteria in 1 gm. of dry soil. 





Treatment. 
After After |Rela-| After |Rela-| After After 
1 week, 2 weeks, | tive. | 3 weeks. | tive. | 8 weeks. 20 weeks, 





25, 200, 000 21, 000, C00 19, 300, 000) 14, 000, 000) 8, 600, c00 


36, 600, o00) 29, 700, 000 30, 500, 000 17) 200, 000) 122| II, 700, 000) 
One-half magne-- 
sium carbonate..| 44, 800, 000) 41, 000, 000 45) 200, 000 19,400,000] 138/12, 200,000) 
Full magnesium i 
carbona 156, 000, 000 125, 000, 000) 74, 500, 000 59, 100, 000) 422 26, 000, 000 
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Unlike calcium carbonate and limestone, full applications of magne- 
sium carbonate increased the number of bacteria far beyond the increase 
obtained with the one-half and one-fourth treatments. From the 
figures in this table it will be seen that the effect of the application of 
magnesium carbonate to Colby soil invariably increased the reproduction 
of the soil bacteria, especially during the first, second, and third week. 
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Fio. s.—Diagram showing the influence of magnesium carbonate on the number of bacteria in Colby silt 
loam. 
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z=no treatment. 3=one-half magnesium carbonate. 

a=one-fourth magnesium carbonate. 4=full magnesium carbonate. 
Figure 5 shows very conclusively the marked effect of magnesium car- 
bonate on the number of soil bacteria. For instance, the increase with 
full magnesium-carbonate treatment was more than six times as great 
as that of the control. The absolute numbers varied with the time of 
the count, but the ratio of numbers between the different quantities of 
magnesium carbonate remained almost the same throughout the entire 
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period of 20 weeks. The increase was maintained for a period of 20 
weeks, but the total number of organisms decreased greatly during this 
time. 

PLAINFIELD SAND.—It was next arranged to determine the effect of 
magnesium carbonate on the number of microorganisms in Plainfield 
sand. The results are summarized in Table IV. 

Here again, magnesium carbonate caused a striking increase in the 
number of soil microorganisms. The results are very similar to those 
obtained with magnesium carbonate in Colby soil. An enormous 
increase in the number of soil organisms was noted after 1 and 3 weeks. 
The sudden drop in numbers after the 3-week period was due probably 
to a mistake in weighing which resulted in a low moisture content. 
After the 8- and 20-week periods, the gradual decrease in the number of 
bacteria was observed, which agrees with the results obtained in Colby 
silt loam (fig. 6). 


TABLE IV.—Influence of magnesium rm” a on the number of bacteria in Plainfield 
sa 





Number of bacteria in x gm. of dry soil. 





After 2 | Rela-| After; | Rela-/ After8 | Rela-| After 20 
weeks. | tive.| weeks. | tive.| weeks. | tive.| weeks. 





one 10, 300, 000) 3» 500, O00} 100} 5,500,000} 100] 4, 700, 000) 2, 450, C00} 
One-fourth mag- 
nesium carbonate. . .|21, 100, 000) 5, 100, 000 10,400,000} 190) 5,800,000) 13» 560, C00! 
One-half magnesium 
bona’ 13) 500, 000 53 300, 000 19, 300,000; 30) TO, 300, 000) 5, 620, 000 


73) 300, 000 8, 100, 000) 58, 300, 000 1060 16, 000, 000 6, 530, C00 



































The results secured with these two soil types show clearly that mag- 
nesium carbonate in certain soils is a potent factor in the reproduction 
of soil bacteria. 


INFLUENCE OF A MIXTURE OF CALCIUM AND MAGNESIUM CARBONATE ON 
THE NUMBER OF BACTERIA IN SOIL 


In every case magnesium carbonate gave a much greater increase in 
the number of bacteria than did calcium carbonate. Therefore the 
question which suggests itself is, What effect will a mixture of calcium 
and magnesium carbonates have on the soil flora? 

It was shown by many investigators, principally Loew (46) and his 
associates, that a soil should contain calcium and magnesium in a certain 
ratio in order to secure the best plant growth. On the other hand, 
Lipman (38) made the following statement: 


In their behavior toward salts, bacteria differ in some respects from both plants 
and animals and occupy a position by themselves. 
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with Lipman’s results, certain investigators (28, 29) showed that various 
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4=full magnesium carbonate. 


He concluded that there is little 


3=one-half magnesium carbonate. 
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In a later publication Lipman (39) 








Influence of Carbonates on Soil Bacteria 





1=no treatment. 
2= one-fourth magnesium carbonate. 
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gave an extensive review of the literature bearing on the subject of the 


Fic. 6.—Diagram showing the influence of magnesium carbonate on the number of bacteria in Plainfield 
sand. 
evidence to support this hypothesis of the lime-magnesia ratio. 


between calcium and magnesium. 


proper lime-magnesia ratio in soils. 
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mixtures of calcium and magnesium carbonates are not favorable to the 
development of soil bacteria. 

To study the effect of a mixture of calcium and magnesium carbonates 
on the total number of bacteria in both Colby silt loam and Plainfield 
sand, a series of tests was made. This mixture was employed in amounts 
equivalent to the neutralizing power of calcium carbonate—that is, 
enough of the mixture was added to neutralize one-fourth, one-half, and 
all of the soil acids. Each mixture was made by adding the carbonates 
in gram-molecular equivalent amounts. The results are presented in 
Table V. 


TABLE V.—Influence pe the mixture of calcium and ium carbonates on the number 
teria in Colby silt loam and Plainfield sand 


COLBY SILT LOAM 





Number of bacteria in 1 gm. of dry soil, 





After | Rela-) After | Rela-/ After | Rela-- After | Rela- 
z week. | tive. | 2 weeks. | tive. | 3 weeks. | tive. | 8 weeks. 





19, 200, O00) 100) 27, 600, 000} 27, $00, O00) 100,14, 200, COO 





{136, 500, 009] 4000, 27, $00, 000) 


132) $00, 000) 17, 000, 000! 
One-half paeteahy sia Pre 
sium car A 


457 300, 000 




















PLAINFIELD SAND 





3, $00, O00) 5» 000, O00) 100} 2, 450, OOo} 


3) 200, 000) II, 700, 000 4» 250, 000 





One-half magne- 
sium carbonate.) 


13, 300, C00) 






































It will be seen from the figures of the table that a mixture of calcium 
and magnesium carbonates increased the number of bacteria in Colby 
silt loam and Plainfield sand. The most interesting fact ascertained 
from this test is that magnesium carbonate plus calcium carbonate is 
less efficient in its effect on the reproduction of bacteria than the equiva- 
lent weight of magnesium alone. 
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INFLUENCE OF CALCIUM CARBONATE, CALCIUM CHLORID, MAGNESIUM 
CARBONATE, MAGNESIUM CHLORID, DIBASIC MAGNESIUM PHOSPHATE, 
AND MONOCALCIUM PHOSPHATE ON THE BACTERIA IN SOIL 


CoLBY SILT LoaAM.—Since the increase in number of bacteria in soil 
treated with magnesium carbonate seemed far too great to be accounted 
for by the correction of the soil acidity alone, an experiment was made 
to study the effect of a neutral salt of magnesium, and a magnesium 
phosphate, on the number of bacteria in Colby silt loam soil. Two 
points were considered in planning this test: First, the action of the mag- 
nesium and calcium ions on the bacteria; and second, the possibility 
of the combining of the calcium or magnesium, especially the latter, with 
the phosphate of the soil, thus liberating the phosphate in a more avail- 
able form. 

It was reported by Truog (56) that magnesium phosphate favors the 
phosphorus assimilation by plants more than any other phosphate. If 
this be true, then the bacteria (lower plant life) should be favored by a 
phosphate when in this form. Therefore the question arises, Does the 
magnesium carbonate when added to soil react with the phosphates to 
form magnesium phosphate? 

In order to make these tests, magnesium carbonate, magnesium chlo- 
rid, dibasic magnesium phosphate, also calcium carbonate, calcium chlo- 
rid, and monocalcium phosphate were added to the soil alone and in 
various mixtures. 

TaBLe VI.—Influence of calcium carbonate, calcium chlorid, magnesium carbonate, 


magnesium chlorid, dibasic magnesium phosphate, and monocalcium phosphate on the 
bacteria of Colby silt loam 





Number of bacteria in 1 gm. of dry soil. 





After x After2 | Rela} After; , | Rei After 8 
week. tive.| weeks. | tive. weeks. | tive. weeks, 


tive. 





28,000,000 | 100 | 19,000,000] 100] 23,200,000] 100] 12,200,000 100 


16, 000, 000 57 | 22,100,000 14, 000, 00O 60 | 17,700, 000 145 
«| 18, 200,000 65 | 17,600,000 92 | 27,500,000 | 118] 10,500,000 86 
89, 100,000 | 318 | 37,600,000] 197 | 43,300,000] 186] 26,200,000 
+]165,000,000 | §90 |12I, 100, 000 200,000,000 | 862 / 58,700,000 481 


30, 500, C00 108 | 13, 100,000 67 | 14,000, 000 60 | 15,600, 000 127 
38, 000, 000 135 9) 300, 000 47 | 24,000,000 103 | 11,600,000 95 
= p- ~— 74,100,000 | 264 | 66,100,000 | 347 | 33,100,000 | 141 | 26,000,000 at3 
oz per cent monocalcium 
phosphate+full calcium 
carbonate 


o.r per cent dibasic magne- 
sium phosphate+full mag- 
nesi bonate 


“ssiuase’ Ea 
by) magne- 
jum carbonate. 


38,000,000 | 135 | 47,300,000 | 249 | 46,200,000 | 199 | 31,500,000 258 


T9I,000,000 | 682 | 190,000,000 [1,000 |106,000,000 | 456 | 85, 500,000 yoo 























223,000,000 | 800 [144,000,000 | 755 |197,000,000 | 849 | 78,000,000 639 








The effect of magnesium phosphate on the number of bacteria was com- 
pared with that of magnesium carbonate, calcium phosphate, and cal- 
cium carbonate. If the action of the magnesium and calcium carbonates 

27811°—18——2 
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on the bacteria is derived from the basic part of these compounds, then 
the salts of these substances—namely, magnesium and calcium chlorid— 
should increase the number of bacteria in a similar manner. ‘These salts 
were added in quantities equivalent to 0.1 per cent of the dry weight of 
the soil. The data for this experiment are presented in Table VI. 

The chlorids of calcium and magnesium failed to increase the number 
of bacteria in Colby silt loam. Instead, the majority of cases showed a 
loss, especially with calcium chlorid. Calcium and magnesium carbo- 
nates, in agreement with a previous study, increased the number of 
microorganisms. Magnesium carbonate stimulated the development of 
the bacteria far greater than did calcium carbonate. . 

When the dibasic magnesium phosphate and monocalcium phosphate 
were applied alone there did not seem to-be any gain in the number of 
bacteria. The mixtures of monocalcium phosphate and dibasic mag- 
nesium phosphate with magnesium carbonate resulted in all except one 
period in an increase in the number of bacteria beyond that obtained by 
the use of magnesium carbonate alone. The mixtures made by adding 
these same phosphates with calcium carbonate did not result in an 
increase in the number of bacteria beyond that noted where calcium car- 
bonate was used alone. 

From the data of this experiment, which are diagramed in figures 7 
and 8, it seems safe to conclude that neither the phosphates nor the 
chlorids of magnesium and calcium alone caused a marked multiplica- 
tion of the bacteria in Colby silt loam. 

MIAMI SILT LOAM.—A similar test of these different compounds was 
made with Miami silt loam, a neutral soil. The chlorids of magnesium 
and calcium were eliminated in this experiment. Since the effect of a 
carbonate on the number of bacteria in Miami silt loam soil was not 
known, the carbonates were added in amounts equal to the one-half and 
full calcium carbonate requirement of Colby silt loam. The data for 
this experiment are presented in Table VII. 


TaBLe VII.—Influence of calcium carbonate, magnesium carbonate, dibasic magnesium 
phosphate, and monocalcium phosphate on the number of bacteria in Miami silt loam 





Number of bacteria in 1 gm. of dry soil. 





Treatment. Rela-| Af Rela-| Aft 
el ter 2 4 eT 3 
Alter 1 week. tive. weeks, tive. weeks. 





10,000,000 | 100] 18,500,000] 100 9, 600, 000 
10,300,000 | 103 18, 500,000 | 100] 13,800,000 
Full calcium carbonate 13,800,000 | 138] 23,700,000} 128] 15,100,000 
One-half magnesium carbonate 170 | 25,400,000 | 137] 15,500,000 
Full magnesium carbonate 270 | 52,400,000] 283] 921,600,000 
©. per cent monocalcium phosphate 106 | 20,400,000] 110] 12,300,000 
©.1 per cent dibasic magnesium phosphate. .. 157 | 27,000,000} 146] 14,300,000 
©. per cent monocalcium phosphate + full 
calcium carbonate. 12,400,000 | 124] 24,000,000] 130] 13,500,000 
o.1 pee cent dibasic magnesium phosphate 
+full calcium carbonate 11,100,000 | 111 | 20,000,000] 108] 14,600,000 
©.r per cent monocalcium phosphate + full 
magnesium carbonate 20,000,000 | 200] 35,000,000} 189] 19,000,000 
cent dibasic magnesium phosphate 

+iull magnesium carbonate 21,600,000 | 216] 43,800,000] 236] 11,700,000 
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4=full calcium carbonate. 
5=full magnesium carbonate. 








number of bacteria in Colby silt loam soil. 
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2™0.1 per cent magnesium chlorid. 
3™=0.1 per cent calcium chlorid. 


r=no treatment. 
































Fic. cst reer the influence of the carbonates and chlorids of magnesium and calcium on the 


0] & 


Feb. 25, 1918 





Journal of Agricultural Research Vol. XII, No. 8 





4 3 
1 Week & Weeks 3 Weeks é Weeks 


Fic. 8.—Diagram showing the influence of dibasic magnesium phosphate, monocalcium phosphate, calcium 
carbonate, and magnesium carbonate on the number of bacteria in Colby silt loam. 


r=no treatment. 6=0.1 per cent dibasic magnesium phosphate+full 
a=0.1 per cent dibasic magnesium phosphate. magnesium carbonate. 
3™=0.1 per cent monocalcium phosphate. 7=0.1 per cent monocalcium phosphate+full mag- 
4™=0.1 per cent dibasic magnesium phosphate+ nesium carbonate. 

full calcium carbonate. 
s™0.r per cent monocalcium phosphate+full 

calcium carbonate. 
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From the results which are given in Table VII and from figure 9 it 
will be seen that both magnesium and calcium carbonate increased the 
number of bacteria in Miami silt loam soil. Here, again, the increase 
was much greater with magnesium carbonate than with calcium carbo- 
mate. The greatest increase was obtained two weeks after treatment. 
In all cases, the heavier applications increased the number of bacteria 
more than did the smaller ones. 


‘. 2 Weeks 3 
Fic. 9.—Diagram showing the influence of calcium carbonate, magnesium carbonate, dibasic magnesium 
phosphate, and monocalcium phosphate on the number of bacteria in Miami silt loam. 

1=no treatment. 
2=one-half calcium carbonate. 
3=full calcium carbonate. 
4™ one-half magnesium carbonate. 
s™=full magnesium carbonate. 
6=o.1 per cent monocalcium phosphate. 
7=0.1 per cent dibasic magnesium phosphate, 
80.1 per cent monocalcium phosphate+full calcium carbonate. 
9=0.1 per cent dibasic magnesium phosphate+full calcium carbonate. 

to™o.1 per cent monocalcium phosphate +full magnesium carbonate. 

11=0,1 per cent dibasic magnesium phosphate+full magnesium carbonate. 


The results differentiate themselves from those obtained with acid 
Colby silt loam soil since the phosphates increased the number of bacteria 
in the neutral Miami silt loam. It was expected that these phosphates 
would have a more beneficial effect in neutral than in acid soil, since it 
is probable that the phosphate was hydrolyzed, thus adding more acid 
to the soil. In every test magnesium phosphate gave a larger increase 
in number of bacteria than was obtained by the use of calcium phos- 
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phate. The dibasic magnesium phosphate increased the number of 
bacteria to about the same degree as an application of one-half magne- 
sium carbonate. A combination of each phosphate with each carbonate 
did not prove beneficial in augmenting the number of bacteria in Miami 
silt loam beyond that caused by each carbonate when used alone. It is 
evident from the foregoing data, as shown in figure 9, that the relative 
increase of the number of bacteria from the use of carbonates of calcium 
and magnesium in Miami silt loam was not so great as when Colby silt 
loam was treated with the same compounds. However, the phosphate 
gave a greater relative increase in the neutral Miami silt loam than in 
the acid Colby silt-loam soil. 


INFLUENCE OF MAGNESIUM CARBONATE, CALCIUM CARBONATE, LIMESTONE, 
AND MONOCALCIUM PHOSPHATE ON THE BACTERIA IN SOIL 


Another series of jars was filled with Colby silt loam treated with 
magnesium carbonate; a second series with the same soil treated with 
calcium carbonate; a third series with limestone, and a fourth with 
monocalcium phosphate. All jars were placed in the greenhouse and 
the soil moisture maintained at half saturation. After one, two, and 
three months samples of this soil were drawn and tested for ammonifying 
power, for nitrate content, and for the number of bacteria. 

The ammonifying power was determined by mixing 2 per cent of 
dried blood, which contained 13.4 per cent of nitrogen, with 100 gm. of 
soil. After adding the dried blood meal, the soil was placed in tumblers, 
the proper amount of water added, the tumblers covered with petri-dish 
covers, and incubated at 27° C. for six days. The ammonia was deter- 
mined by the steam-distillation method. 

In order to measure the nitrification in the treated and untreated soil, 
samples were taken from the jars and the nitrate content determined 
immediately. This was simply a study of nitrate accumulation in 
the soil; no nitrogenous substance was added. Nitrates were deter- 
mined by the phenol-disulphonic acid method. The data for the experi- 
ments with Colby silt loam and Plainfield sand are shown in Tables 
VIII to XI, inclusive. 

From the data in Table VIII it will be seen that after one month the 
increase in the number of bacteria in Colby soil, in conformity with 
previous tests, was greatest with the magnesium-carbonate treatment. 
The increase was very marked, about five times greater than that de- 
rived from the use of calcium carbonate or limestone. The favorable 
effect of the magnesium carbonate was noted after both the 2- and 
3-month periods. In most cases the calcium carbonate and limestone 
increased the number of bacteria, notably after two months. The 
monocalcium phosphate apparently exerted no effect in increasing the 
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number of bacteria, since it gave no increase except when used in combi- 
nation with calcium carbonate, and then the increase was no greater 
than that obtained with calcium carbonate alone. 


TaBLE VIII.—Influence of calcium carbonate, magnesium carbonate, limestone, and 
monocalcium phosphate on the number of bacteria in Colby silt loam 





Number of bacteria in 1 gm. of dry soil. 





After Rela- After Rela- After 
rmonth. | tive.| 2 months. | tive.| 3 months. 





None. . 14, 000, 000 TO, 700, 000 8, 000, 000 
One-fourth calcium carbonate 14, 370, 000 13, 400, 000 8, 800, 000 
One-half calcium carbona 12, 200, 000 17, 000, 000 7) 100, 000 
L 14, 800, 000 8, 700, 000 

One-fourth limestone 17, 600, 000 I0, 300, 000 
One-half limestone II, 200, 000 8, 700, 000 
14, 300, 000 10, 700, 000 
II,900, 000 10, 900, C00 
25, 700, 000 13, 200, 000 
43, 700, 000 337 $00, 000 
0.1 per cent monocalcium phosphate 10, 700, 000 8, 300, 000 
o.1 per cent monocalcium phosphate + one- 
fourth calcium carbonate 18, 100, 000 10, 800, 000 71,600, 000 
0.x per cent monocalcium phosphate + full 





11,380, 000 13, 600, 000 10, 300, 000 




















The data in Table IX are in agreement with those obtained with Colby 
silt loam—that is, magnesium carbonate increased the number of bac- 
teria in Plainfield sand to a considerable extent beyond that produced 
by calcium carbonate or limestone. The effect of the magnesium car- 
bonate on the number of bacteria was most noticeable one month after 
the treatment was applied. In general, limestone proved inferior to 
calcium carbonate in stimulating the number of bacteria in Plainfield 
sand, except that in one case the monocalcium phosphate when applied 
alone did not increase the number of bacteria. 


TABLE IX.—Influence of calcium carbonate, magnesium carbonate, limestone, and 
monocalcium Bib n on the number of bacteria in Plainfield sand 





Number of bacteria in 1 gm. of dry soil. 





After After Rela-| After 
1 month. | tive. | 2 months. | tive.| 3 months. 





6, 800, 000 6,550,000 | 100] 2,100,000 
6, 220, 000 83 | 2,450,000 
6, 100, 000 go II9 | 3,200,000 
128 | 2,900,000 
9° | 1,780,000 
74 | 2,550,000 
116 | 2,550,000 
82 | 3,000,000 
5,900, 090 





435 
45 


4:670,000 | 71 | 3,230,000 


4) $00, 000 68 2, 700, 000 
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FORMATION OF AMMONIA 


The ammonia determinations were made at the end of two and three 
months. It will be seen from the data in Table X that all treatments 
accelerated the formation of ammonia from dried blood. After two 
months monocalcium phosphate plus calcium carbonate showed the 
greatest effect, although the phosphate-alone treatment gave nearly as 
good results. Of the carbonates, calcium carbonate appeared to have 
the greatest effect in increasing the ammonifying power, an effect nearly 
as great as that obtained from the phosphate applications. Magnesium 
carbonate exerted a less effect than did calcium carbonate, and lime- 
stone had even a less effect than was obtained with magnesium car- 
bonate. After three months the phosphate still retained a lead in 
stimulating ammonification. Limestone caused a greater increase in 
ammonia-producing power than did calcium carbonate, while calcium 
carbonate gave a greater increase than was obtained with magnesium 
carbonate. From the data on Colby soil it is shown that the increase 
in ammonifying power is not always parallel with the increase in the 
total number of organisms. 

_TaBLE X.—Influence of calcium carbonate, ium carbonate, limestone, and mono- 


— phosphate on the ammonification of dried blood in Colby silt loam and Plain- 
sand 





Ammonia nitrogen in 100 gm, of dry soil. 





Treatment. Colby silt loam. Plainfield sand. 





After 3 ness 
. | mon 





Mom. 
55-1 
52-2 
47-0 
53-1 
51-0 
51-3 
73-8 


46-7 


47-5 
47-0 


75+3 
0.x per cent monocalcium 
phosphate+one-fourth cal- 
cium carbonate 5 . 73°3 
©.1 per cent monocalcium 
phesplente+-tull eniclen car- 
te 65.7 +10.6 





























The data in Table X for Plainfield sand showed very different results 
from those obtained with Colby silt loam. After two months a decrease 
in ammonifying power was noted, except in the case of the one-fourth 
limestone treatment. The phosphate when applied alone gave the 
greatest increase, but where calcium carbonate was added in combina- 
tion with the phosphate, the formation of ammonia was not so great. 
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With an increase of calcium carbonate there was a decrease in ammonia 
production. This decrease was shown with all carbonates, magnesium 
carbonate causing the greatest decrease. 

After three months the same order was held by these compounds in 
stimulating ammonia formation. At this time the full limestone had a 
greater effect than the smaller limestone applications; the effect was 
almost as great as that due to the phosphate treatment. It is evident 
from the results obtained in both Colby silt loam and Plainfield sand, 
that the greatest accumulation of ammonia (six days’ incubation) does 
not occur where the largest increase in the number of bacteria was 
obtained. Where the greatest number of bacteria developed, it seems 
probable that the greatest amount of ammonia should be formed. Since 
the substances which gave the highest number of bacteria also neutral- 
ized the soil acids, it is probable that the ammonia partly escaped through 
volatilization. Because of the open texture of the Plainfield sand, more 
ammonia escaped from this soil than from the Colby silt loam. 


TABLE XI.—Influence of calcium carbonate, magnesium carbonate, limestone, and mono- 
calcium phosphate on nitrate accumulation in Colby silt loam and Plainfield sand 





Nitrate nitrogen accumulated in 100 gm. of dry soil. 





Colby silt loam. Plainfield sand. 





" ' pf : “ 
a8| 2 (2 a 
. |Mgm.|Mom.|Mom Mom. 
6.05 . . 1.58 








6-94 . ° 1.85 
7-56 | 1. . ,. . 2.31 
8.18 | 2. \° 38 | 2. . 2.22 
6.05] « ° . . . 1.80 
6.40] - . e . 1.67 
6.42] - . . . 1.87 
6.75 . ¥ 5 5 . 1.24 


8.44 | 2. . . \ . 2.22 


0.x per cent monocal- 
cium phosphate + one- 
fourth calci 


+24 | 6.42 


“en ‘uae 7 + “fat 
calcium carbonate.. 4 +87 | 8.18 | 2. . 4-63 | 2.80 









































ACCUMULATION OF NITRATES 


From the data presented in Table XI it will be seen that nitrates 
accumulated faster in both the treated Colby silt loam and Plainfield 
sand than in the untreated. In both soils the magnesium carbonate 
benefited nitrification more than did the other carbonates. Next in 
order to magnesium carbonate was calcium carbonate, and lastly, lime- 
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stone, in increasing the nitrate content of Colby silt loam and Plainfield 
sand; the heavier applications gave the highest nitrate accumulation. 
In the case of the magnesium carbonate with Colby silt loam soil, the 
increased accumulation reached as high as 8 mgm. The increase in 
nitrate in the Plainfield sand ran parallel with that in the Colby silt loam 
where similarly treated, though the accumulation in the sand was much 
smaller, since this soil is low in organic matter. 




















= S SS ° \ 
2345678 4 12343567897 i 4 76 40 
‘Month 2Months 3 Months 


Fro. 10.—Diagram showing the influence of calcium carbonate, magnesium carbonate, limestone, and 
monocalcium phosphate on nitrate accumulation of Colby silt loam. 


z=no treatment. 
a=one-fourth calcium carbonate. 
g™one-half calcium carbonate. 
4~=full calcium carbonate. 
s™ one-fourth limestone. 
6= one-half limestone. 
7= full limestone. 
8= one-fourth magnesium carbonate. 
g= one-half magnesium carbonate. 
zo=full magnesium carbonate. 
11™0.1 per cent monocalcium phosphate. 
12™0.1 per cent monocalcium phosphate+one-fourth calcium carbonate. 
13™0.1 per cent monocalcium phosphate+{ull calcium carbonate. 


The monocalcium phosphate apparently did not favor nitrification in 
the Colby soil, while in the sand this substance proved beneficial. A 
combination of the phosphate and calcium carbonate did not increase 
nitrification beyond that obtained from the use of calcium carbonate 
alone. The effect of these substances on the reproduction of soil 
organisms and on the formation of nitrates was similar. A review of 
the entire data is shown graphically in figure 10. 
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INFLUENCE OF CALCIUM CARBONATE, MAGNESIUM CARBONATE, LIME- 
STONE, AND MONOCALCIUM PHOSPHATE ON THE NITRIFICATION OF 
GELATIN IN SOIL 


In order to study the effect of calcium carbonate, magnesium car- 
bonate, limestone, and monocalcium phosphate on nitrification in Colby 
and in Plainfield sand to which nitrogenous material was added, a series 
of tests was made. After the soils had been treated with the forenamed 
substances separately and allowed to incubate for three months, 100-gm. 
samples were drawn and to each portion 23.6 mgm. of gelatin were added. 
The soil was placed in tumblers, which were covered with glass, and 
incubated for six weeks at 27° C. At the end of this time the nitrate 
content was determined. The results of this experiment are given in 
Table XII. 


TaBLe XII.—Influence of calcium carbonate, magnesium carbonate, limestone, and mono- 
— phosphate on the nitrification of gelatin in Colby silt loam and in Plainfield 
sa 





Nitrate nitrogen in roo gm. of dry soil. 





Colby silt loam. Plainfield sand. 





After 6 After 6 
- | weeks. Increase. 





Mom. 
9-06 
II. 70 
10. 57 
11.12 
11.70 
II. 70 
11.12 
11.12 
13-09 
12.24 
9- 06 


ve ,Sbeereere 
B& SaLBSLLSALF 


2.25 13-09 
7-56 12-24 

















In reviewing Table XII it will be seen that with the exception of one- 
fourth limestone treatment in Colby loam, and phosphate alone in 
Plainfield sand, there was an increase in nitrification in the treated 
soils. The increase in most cases was very slight, especially in the sand, 
where only about half of the nitrogen of gelatin apparently was nitrified, 
while in the Colby loam the greater part of the nitrogen of gelatin was 
nitrified. A comparison of the amount of nitrate formed in the soil to 
which magnesium or calcium carbonate was added, both with and without 
the addition of gelatin (Table XI), showed a relatively greater nitrate 
formation in the soils to which no organic nitrogen was added. These 
results were to be expected, since it is likely that some of the ammonia 
formed from the gelatin in the neutral or partly neutral soil escaped. 
On the other hand, the combined effects of the gelatin and the carbonates 
increased the multiplication of bacteria beyond that of the soil treated 
with gelatin alone. The great gain in the number of bacteria is no doubt 
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followed by an increase in assimilation of nitrates. These results agree 
with those obtained by Fred and Graul (20). 

In the Colby silt loam the full calcium carbonate gave the best results 
while magnesium carbonate and limestone rank in the order named. 
The magnesium carbonate when added to the soil with gelatin did not 
give as good results as calcium carbonate. This difference may be due to 
the fact that the large increase in the number of bacteria caused by the 
magnesium carbonate treatment favored a greater assimilation of nitrate 
by the microorganisms. Plainfield sand apparently gave better results 
where the one-fourth or one-half neutralization was obtained. Very 
probably the sand releases more ammonia when neutral than does the 
Colby silt loam. In both soils the phosphate benefited nitrification but 
slightly. 


: . 
INFLUENCE OF CALCIUM CARBONATE, MAGNESIUM CARBONATE, LIMESTONE, 
AND MONOCALCIUM PHOSPHATE ON NITROGEN FIXATION IN SOIL 


An effort was made to study the influence which carbonate and phos- 
phate treatments would have on the independent nitrogen-fixing organ- 
ism, Bacillus azotobacter chroococcum. ‘Three months after treatment, 
Colby and Plainfield soils were sampled and the soil placed in large soup 
plates, 1 per cent of mannit was added to each plate of soil, which was 
then inoculated with a culture of B. azotobacter. After incubating for 
four weeks in the greenhouse, the soils were dried and ground to a very 
fine powder in a ball mill. Total nitrogen determinations (Kjeldahl 
method modified to include nitrates) were then made. Duplicate deter- 
minations were made from each plate and an average of these taken. 
The results for this experiment are given in Table XIII. 

TaBLE XIII.—Influence of calcium carbonate, mesium carbonate, limestone, and 


monocalcium phosphate on nitrogen fixation in Colby silt loam and Plainfield sand 
treated with mannit and inoculated with Bacillus azotobacter 





Nitrogen in 100 gm. of dry soil. 





Colby silt loam. Plainfield sand. 





After 4 Aver- After 4 Aver- 
weeks, age. ‘ weeks. age. 





Mom.| Mom.| Mom. . | Mgm.| Mgm.| Mgm. 
275-0 | 275-0 275-0 63-0 | 61-0 62.0 
277-0 | 276.0 276 § ° 59-0 | 59-0 59:0 
273-0 | 275-0 274-0 4 61.0 | 61-0 61.0 
276.0 | 276.0 276.0 . 64-0 | 62.0 63-0 
275-0 | 275.0 275-0 . 61.0 | 59-0 60. 0 
273-0 | 275-0 274.0 . 61.0 | 63.0 62.0 
Full armen 278.0 | 279-0 278. 5 \° 62.0 | 64-0 63-0 
One-fourth magnesium carbonate. . 277-0 | 276.0 276.5 % 59-0 | 59-0 59-0 
One-half magnesium carbonate 278.0 | 276.0 277-0 . 62.0 | 62.0 62.0 
Full magnesium carbonate 275-0 | 275.0 275.0 ° 63.0 | 63.0 63.0 
~: : = cent monocalcium phosphate.| 274.0 | 276.0 275-0 ° 61.0 | 61-0 61.0 

cent monocalcium phos- 

= + one-fourth 


cent monocalcium phos- 
photo + full ealelem carbonate 283.0 | 277.0 280.0 " 65.0 | 65-0 65.0 


279-0 | 282.0 280. 5 . 61.0] 59-0 60.0 
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From the data presented in Table XIII it appears that there was no 
decided gain in total nitrogen in the Plainfield sand, and only a small gain 
in Colby silt loam. It is difficult to explain why no gain, and in some 
cases a loss, of nitrogen was found. The loss may have been due to a 
disturbance in the balance of the flora of these soils. Since the mannit 
which was added to the soil, and the neutralization of some of the soil 
acids by the basic substances caused a great increase in the number of 
bacteria, it is possible that a part of the nitrate nitrogen was set free as 
elemental nitrogen. However, a gain in total nitrogen is shown in the 
Colby silt loam soil due to the carbonate and limestone treatment. 


INFLUENCE OF CALCIUM CARBONATE, MAGNESIUM CARBONATE, AND 
LIMESTONE ON ORGANISMS IN PURE CULTURE 


An effort was made to determine the influence of calcium carbonate, 
magnesium carbonate, and limestone on pure cultures of bacteria in steril- 
ized soil. In order to simplify the work, only Colby soil was employed. 

It was observed that when this soil is heated for a long period at a 
high temperature, there is a reduction in soil acidity. Other investi- 
gators have reported similar results in acid soils. Conner (10) showed a 
decrease in acidity when soil was heated to complete dryness. He sug- 
gested that possibly the acid silicates were hydrolyzed with the formation 
of a base. On heating soil to 140° C. for one hour, Sharp and Hoagland 
(55) noted a decrease in acidity. On the other hand, Schreiner and 
Lathrop (54) increased the acidity in an acid-reacting soil by heating the 
soil for three hours at 30 pounds’ pressure, which in all probability 
changed the organic matter to such an extent as to increase the acidity. 
The work of Kelley and McGeorge (30) and Darbishire and Russell (rz) 
showed a change in the soil consituents on heating, especially in the solid 
inorganic constituents, which were made more soluble. 

In order to overcome as much as possible this reduction in acidity, 
various methods of sterilization were tried. Both dry and moist soils 
were sterilized in Erlenmeyer flasks, which were heated in steam under a 
pressure of 15 pounds for three hours. On testing this heated soil for 
its degree of acidity by the Truog zinc-sulphid test, the dry soil showed 
practically no change in its acid content, while the moist soil, one-half 
and full water-saturated, showed a considerable decrease. The very wet 
soil after sterilization contained less acid than that which received one 
half as much water. From the evidence it seems safe to conclude that 
the silicates of this soil are partially hydrolyzed with the formation of 
bases. 

Further tests were conducted with dry soil. It was dried for 24 
hours at about 45° C. and placed in flasks; these were then plugged and 
sterilized for three hours at 15 pounds’ pressure. After sterilization, the 
soil received water sufficient to bring it to half saturation. This was 
done to determine if hydrolysis took place by adding water after the soil 
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had been sterilized. At the end of four days tests were made on the 
dry and on the watered soil. The acidity of both appeared unchanged. 

From the results of the foregoing experiments it appears that dry 
Colby soil can be sterilized and sterile water added until the soil is half 
saturated, without interfering seriously with the original reaction of 
the soil. Therefore this method of sterilizing soil was adopted for all 
of the pure-culture work. 


INFLUENCE OF CALCIUM CARBONATE, MAGNESIUM CARBONATE, AND LIME- 
STONE ON THE AMMONIFICATION OF BLOOD MEAL BY PURE CULTURES 
OF BACTERIA IN SOIL 


CoLBy sILT LOAM.—One-hundred-gm. portions of dry soil were each 
treated with calcium carbonate, with magnesium carbonate, and with 
limestone separately. To the soil of the entire series 2.per cent of dried- 
blood meal was applied. The treated soil was placed in 300-c. c. Erlen- 
meyer flasks and sterilized as previously stated. Sterilized water was 
then added to bring the soil to half saturation. The sterilized soil was 
then inoculated with water suspensions of Bacillus twmescens and B. 
subtilis. The flasks were incubated at 27° C. for seven days and at the 
end of this period the ammonia in each flask was determined. In Table 
XIV are recorded the complete data for this experiment. 


TABLE XIV.—Influence of calcium carbonate, magnesium carbonate, and limestone on 
the ammonification of dried blood with pure cultures in Colby stlt loam 





Ammonia nitrogen in 100 gm. of dry soil. 





Bacillus tumescens.| Bacillus subtilis. 





After 
7 days. 


After 


Increase. 7 days. 





Mom. 
11-3 
15.5 
» 4 
16.4 

One-fourth limestone. 11-2 

One-half limestone 14-6 

Full limestone 14:8 

One-fourth magnesium carbonate 15-7 

One-half magnesium carbonate 16.5 

Full magnesium carbonate 17-1 


SSerrPrase 
Cnauwsntnnn 
SPrerore 
oouocoonwoo 

















The data in Table XIV show clearly that the ammonification of dried 
blood by Bacillus tumescens or B. subtilis was increased when the 
sterilized soil was treated with calcium carbonate or with magnesium 
carbonate or with limestone. Magnesium carbonate gave better results 
than did calcium carbonate, while the latter gave better results than did 
the limestone. In every case full treatment with any of the compounds 
gave the largest increase of ammonia. ‘This is in agreement with results 
obtained in unsterilized Colby silt loam two months after treatment with 
the limestone or calcium carbonate. 
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INFLUENCE OF CALCIUM CARBONATE, MAGNESIUM CARBONATE, AND LIME- 
STONE ON BACILLUS AZOTOBACTER IN STERILIZED SOIL 


CoLBY SILT LOAM.—Dry soil in 200-gm. portions was treated with cal- 
cium carbonate, with magnesium carbonate, and limestone, and placed 
in 500-c. c. Erlenmeyer flasks. To each flask was added 1 per cent of 
mannit by weight of dry soil. The flasks were plugged, sterilized, and 
sterile water was added to bring the soil to the proper moisture content. 
Inoculations of Bacillus azotobacter in pure culture were then made by 
adding a 1-c. c. suspension of the organisms to each flask. The entire 
set of flasks was incubated at 27° C., and after one, two, and three weeks 
plate counts, using mannit agar, were made. The results for this experi- 
ment are recorded in Table XV. 


TABLE XV.—Influence of calcium carbonate, magnesium carbonate, and limestone on 
Bacillus azotobacter in Colby silt loam treated with mannit 





Number of bacteria in 1 gm. of dry soil. 





After x week. | After 2 weeks. | After 3 weeks, 





<1, 000 <1, 000 <1, 000 

6, 602, 000 2) 440, 000 
2, 200, 000 32, 300, 000 
8, 400, 000 45) $00, 000 
<1, 000 <1, 000 
<1, 000 <1, 000 
<1, 000 26, 000, 000 
26, 200, 000 10, 350, 000 
5, 150, 000 268, 000, 000 
30, 800,000 | 477,000, 000 355,000, 000 

















The results of this experiment showed the striking effect of magnesium 
carbonate on the multiplication of Bacillus azotobacter cells in Colby silt 
loam soil. Calcium carbonate caused an increase in the number of these 
organisms, but the increase was not as great as that obtained with mag- 
nesium carbonate. With limestone the increase was very small. This 
great gain with magnesium carbonate was obtained where amounts 
equal to full neutralization were applied. After the third week the one- 
half neutralization by magnesium carbonate also gave a large increase, 
while two weeks after treatment the greatest gain was shown. 


INFLUENCE OF LARGE APPLICATIONS OF MAGNESIUM CARBONATE ON 
BACILLUS AZOTOBACTER IN STERILE SOIL 


CoLBY SILT LOAM.—Because magnesium carbonate when applied to give 
neutralization, increased the number of Bacillus azotobacter in sterilized 
Colby silt loam soil to a great extent, a further test was made to deter- 
mine if heavier applications, enough added to give a distinct alkaline 
reaction, would continue to increase the reproduction of Bacillus azoto- 
bacter. ‘These applications were made by adding magnesium carbonate 
sufficient to make 1%, 1%, and double neutralization. 
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The data for this test, presented in Table XVI, showed that 14 mag- 
nesium—carbonate treatment after one week gave a greater increase in 
* en the number of Bacil- 

nad lus azotobacter cells 
than was obtained by 

the 14 application; 
after two and three 
weeks, the 14 treat- 
ment gave a greater 
increase than was ob- 
tained by the 1% 
treatment. In every 
case the heaviest ap- 
plication of magne- 
sium carbonate caused 

less increase in the 
number of these or- 
ganisms than did the 
lighter treatments. 
However, ascompared 

with the control, the 
heavy application also 
gave a great increase. 

In comparing the 

data of Table XVI 
with those of Table 
XV, it will be seen 
that 114 and in most 

| cases 114 magnesium- 
carbonate treatment 
caused a greater in- 
crease in the number 
Nigag of Bacillus azotobacter 
organisms in sterilized 
Colby silt loam than 
thefulltreatment. It 
is difficult to explain 
why such an enor- 
mous increase in the 



































Ss MOA 
4 


i] 3 12 
! Week 2 Weeks 3 Weeks umber of these or- 
ganisms was obtained 
nesium carbonate on Bacillus azotobacter in sterile Colby siltlam. When more than 


T23 


* Fic. 11.—Diagram showing the influence of large applications of mag- 


1=no treatment. 3™=134 magnesium carbonate. enoug h magnesium 
a™=14 magnesium carbonate. 4= double magnesium carbonate. carbonate was added 


to neutralize the soil acids. From the data in Table XVI, one is led to 
believe that this great multiplication in Bacillus azotobacter cells was due 
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to something besides the correction of the soil acidity. The entire data 
in Table XVI are presented graphically in figure 11. 


TaBLE XVI.—I a of large applications of magnesium carbonate on Bacillus azoto- 
bacter in Colby silt loam treated with mannit 





Number of bacteria in 1 gm. of dry soil. 





After x week. | After 2 weeks. | After 3 weeks. 





<1,000 <1,000 <1,000 
One and one-fourth magnesium carbonate 13,500,000 | 1,030, 000,000 
One and one-half magnesium carbonate 147; 500, 000 357,000, 000 

le magnesium carbonate 10, 300, 000 338, 000, 000 














INFLUENCE OF MAGNESIUM CARBONATE ON BACILLUS AZOTOBACTER IN 
STERILE NEUTRAL SOIL 


MIAMI SILT LOAM.—Since magnesium carbonate increased the number 
of Bacillus azotobacter cells in an acid soil when more than enough of the 
carbonate was added to neutralize the acidity, an experiment was planned 
to determine the effect this compound would have on Bacillus azotobacter 
in a neutral soil. The soil selected for this work was Miami silt loam, 
previously described. Magnesium carbonate, along with 1 per cent 
mannit, was added in one-fourth, one-half, and full neutralization based 
on the acidity of Colby silt loam. The data for this test are tabulated in 
Table XVII. 


TaBLE XVII.—Influence o x magnesium carbonate on Bacillus azotobacter in sterile 
ami silt loam treated with mannit 





Number of bacteria in 1 gm. of dry soil. 





After 1 week. | Relative. | After 2 weeks! Relative. After 3 weeks.) Relative. 





3,020, 000 100 37) $00,000 100 51,000, 000 Too 


2,870, 000 95 $2, §00, 000 140 | 127,000,000 249 
One-half magnesium  car- 
bonate 44) 000, 000 1,456 IT, 200, 000 30 | 137,000,000 269 
Full magnesium carbonate....| 67, 700,000 2,241 26, 200, 000 7° | 392,000, 000 




















In studying the data in this table, it will be seen that in Miami silt 
loam, a neutral soil, where magnesium carbonate was applied in an 
amount great enough to neutralize all the active acidity in Colby soil, 
there was a great increase in the number of Bacillus azotobacter cells. 
At this time no explanation can be offered to account for the drop in 
number after two weeks where one-half and full magnesium carbonate 
were applied, since the other counts, made after one and three weeks 
with the one-half and full application gave a decided increase. The 
count made after the 3-week period showed the greatest increase. From 
the results of Table XVII it is clear that magnesium carbonate plays some 
réle in stimulating the B. azotobacter organism other than that of 
neutralization. 

27811°—18——3 
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INFLUENCE OF CALCIUM CARBONATE, MAGNESIUM CARBONATE, AND 
LIMESTONE ON BACILLUS RADICICOLA (ALFALFA) IN STERILE SOIL 


COLBY SILT LOAM.—This experiment was planned to measure the effect 
of calcium carbonate, magnesium carbonate, and limestone on the 
reproduction of Bacillus radicicola in sterilized Colby silt loam soil. 
The alfalfa strain, which is supposed to be sensitive to acidity, was selected 
for this work. The soil was treated with 1 per cent of mannit, and the 
magnesium carbonate was added. Two-hundred-gm. portions of the 
treated soil were placed in 500-c.c. Erlenmeyer flasks. The flasks were 
then plugged and sterilized according to the method used in the pre- 
ceding experiments. Inoculations were made by introducing a 1-c.c. 
suspension of the organisms. 

From the data presented in Table XVIII it will be seen that calcium 
and magnesium carbonates increased greatly the number of alfalfa 
organisms in this soil. The magnesium carbonate after one week did 
not increase the number of these organisms to any greater extent than 
did calcium carbonate. The smaller amounts were surprisingly effective, 
though the increase was not as great as that obtained with larger 
amounts. Limestone increased the number of these organisms to a 
very slight extent. 


TABLE XVIII.—Influence of calcium carbonate, magnesium carbonate, and limestone 
on Bacillus radicicola (alfalfa) in sterile Colby silt loam treated with mannit 





Number of bacteria in 1 gm. of dry soil. 





After 1 week. 


After 2 weeks. 


After 3 weeks. 





One-fourth calcium carbonate 
One-half calcium carbonate 
Full calcium carbonate 
One-fourth limestone....... 


12, 500 

349, 000, 000 
1, 310, 000, 000 
1, 750, 000, 00 
Or, 000 


1,200 

I, 350, 000, 060 
1, 650, 000, C00 
1, 620, 000, 000 
100, 000 


1,200 


One-half limestone 227,000 5,000 
Full limestone 2, 450, 00 4) 170, C00 
One-fourth magnesium carbonate 87, 000, 000 1, 212, 000, 000 
One-half magnesium carbonate 4) T00, 000, 000 1, 112, 000, 000 
Full magnesium carbonate 4) 900, 000, C00 600, 000, 000 














INFLUENCE OF CALCIUM AND MAGNESIUM CARBONATES ON BACILLUS 
RADICICOLA (LUPINE) IN STERILIZED SOIL 


CoLBY SILT LOAM.—Since the alfalfa strain of Bacillus radicicola was 
greatly benefited by the carbonates of magnesium and calcium, it seemed 
desirable to see what effect a similar treatment would have on the lupine 
strain of B. radicicola, which is frequently termed an acid-resistant 
organism. Limestone was eliminated in this experiment; otherwise the 
procedure for this test was similar to that in the preceding experiment. 
The results of this test are tabulated in Table XIX. 
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TABLE XIX.—Influence of calcium carbonate and magnesium carbonate on Bacillus 
radicicola (lupine) in sterile Colby silt loam treated with mannst 





Number of bacteria in x gm. of dry soil. 





After x week. 


After 2 weeks. 


After 3 weeks. 








112, 000 
875, 000, CoO 
1, 300, 000, 00 
1, 837, 000, 000 
1, COO, COO 

950, 000, COO 
1, 7§0, 000, COO 





30, 000 
3, 770, 000, COO 
3, 630, 000, C00 
2, 760, 000, C0O 
4) ©25, 000, C00 
4,837, 000, C00 
8, 850, 000, 000 





60, 000 

5» $30, 000, COO 
3, 820, 000, c00 
4) 200, 000, C00 
125, 000, COO 
§, 000, COO, COO 
9» 17, COO, COO 





From the data given in Table XIX it is evident that the lupine strain 
of Bacillus radicicola was benefited to as great an extent as the alfalfa 
strain when Colby soil was treated with magnesium or calcium carbo- 
nate. After the second and third weeks the counts showed that mag- 
nesium carbonate gave better results than did calcium carbonate. The 
untreated soil gave a slightly higher number than was obtained with the 
alfalfa strain under similar conditions. This difference may be due to 
the fact that the lupine strain is slightly tolerant to an acid reaction. 

Here, as in the tests made with unsterilized soil, the smaller applications 
stimulated multiplication to a greater extent, in proportion to the 
amounts applied, than did the larger treatments. However, the maxi- 


mum gain in number of bacteria was obtained with full magnesium- 


carbonate treatment. From the data obtained in this and the preceding 
experiment it is clearly evident that either magnesium or calcium car- 
bonate (the magnesium to a somewhat greater degree than the calcium) 
greatly increased the number of legume bacteria, alfalfa and lupine 
strains, in an acid soil. 

CONCLUSIONS 

From a general review of the results of the experiments just described 
ft is clearly shown that carbonates of calcium and magnesium when 
applied to acid Colby silt loam, acid Plainfield sand, and neutral Miami 
silt loam increase the number of bacteria. A greater increase was 
obtained in the acid soils than in the neutral Miami silt loam. These 
carbonates increased the number of bacteria in both sterilized and un- 
sterilized soil. The sterilized soil was inoculated with an organism in 
pure culture. Not only was the number of bacteria in the soils increased 
by applications of magnesium and calcium carbonates, but an increase 
in activity of the various groups of bacteria was shown. 

The form of carbonate which gave the best results was magnesium 
carbonate. There was an enormous increase in the number of bacteria 
produced by the magnesium carbonate over that of calcium carbonate. 
Ground dolomitic limestone did not prove quite as efficient as calcium 
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carbonate in increasing the number of soil bacteria. This variation can 
possibly be explained by the difference in solubility of these compounds. 
It was shown (50) that magnesium carbonate is more soluble in carbo- 
nated water than is calcium carbonate, and that calcium carbonate is 
more soluble than limestone. Dolomitic limestone, however, is less 
soluble than the nondolomitic. This order of solubility is in agreement 
with the order in which the bacteria of the soil responded to treatment 
with these different compounds. : 

It does not seem correct to say that the entire influence which these 
compounds had on the soil bacteria was due to the neutralization of the 
soil acids. When neutral soil was treated with magnesium carbonate 
or with calcium carbonate, the number of bacteria was increased, espe- 
cially in the case of magnesium carbonate.. Both in neutral and in acid 
soil, the latter doubly neutralized, magnesium carbonate increased the 
number of Bacillus azotobacter. All this would indicate that carbonates 
either serve in part as a stimulant or effect an indirect action on other 
compounds which are in turn rendered more soluble. 

Since the magnesium and calcium carbonates increased the number 
of bacteria in acid soil when added in small amounts, and since appli- 
cation in acid soil of these compounds gave better results than when 
applied to neutral soil, it appears that the greater part of this influence 
on the bacteria was due to neutralization. 

It may have been that the magnesium carbonate when added to the 
soil was partially converted into magnesium phosphate. Truog (56) 
pointed out the fact that for the amount of phosphate used, magnesium 
phosphate increased the phosphorus content of plants more than did 
other forms of phosphates. If this be the case, and the formation of 
magnesium phosphate takes place in soil when magnesium carbonate is 
applied, then magnesium chlorid and magnesium phosphate should give 
an increase in the number of bacteria. The results from the magnesium- 
chlorid treatment did not prove beneficial, however, even in so small 
amounts; the chlorin radical may have been toxic. Magnesium phos- 
phate did not prove favorable to the reproduction of bacteria in acid soil 
but did in neutral soil. In the latter soil, the effect of magnesium phos- 
phate was more beneficial than the effect of calcium phosphate. From 
this evidence it appears that magnesium phosphate in a soil favorable 
for the development of bacteria is a stimulant to the growth of bacteria. 
This action of magnesium phosphate on bacteria in soil may in part 
account for the enormous influence which magnesium carbonate exerts 
in increasing the number of bacteria in both neutral and acid soils. 

From all the data obtained in the various experiments performed, 
magnesium carbonate appears to play an important part in the devel- 
opment of soil bacteria, much more so than does calcium carbonate. 
Magnesium phosphate, when applied to neutral soil, caused an increase 
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in the number of bacteria. In the neutral soil magnesium phosphate 
proved superior to calcium phosphate in stimulating the bacteria; in 
acid soil neither compound appeared to benefit the soil flora. 


SUMMARY 


(1) The number of bacteria in acid Colby silt loam and acid Plain- 
field sand is increased by the applications of calcium carbonate, mag- 
nesium carbonate, or limestone. 

(2) Magnesium carbonate increases the number to a much greater 
extent than does either calcium carbonate or limestone. 

(3) Monocalcium phosphate and dibasic magnesium phosphate slightly 
increase the total number of bacteria in neutral soil. 

(4) Nitrification is benefited by limestone, calcium-carbonate, and 
magnesium-carbonate treatment. Magnesium carbonate in soil to 
which no nitrogenous substance was added favors nitrate accumulation 
more than does either calcium carbonate or limestone. The phosphates 
increase the accumulation of nitrate nitrogen to a very small extent. 
When gelatin was applied to the soil, magnesium carbonate did not 
benefit nitrification any more than calcium carbonate or limestone. 

(5) Ammonification in Colby soil is benefited by all three forms of 
the carbonates, while in Plainfield sand a decrease in ammonia is shown. 
Monocalcium phosphate increases ammonification in both soils. 

(6) Pure cultures of Bacillus tumescens and B. subtilis ammonify 
blood meal better when sterile Colby soil is treated with any one of the 
three forms of carbonates. 

(7) A culture of B. azotobacter in the two soils treated with the car- 
bonates and mannit fails to show an increase in total nitrogen in the 
sand and only a slight gain in the Colby soil. 

(8) Pure cultures of B. radicicola, of both alfalfa and lupine strains, 
and B. azotobacter are greatly benefited when inoculated into sterile 
Colby soil previously treated with magnesium or calcium carbonate. 
Limestone barely increases the number of B. azotobacter in Colby soil. 
In neutral and acid soils treated with magnesium carbonate until the 
soils were strongly alkaline, B. azotobacter is greatly increased in munber 
over that of the untreated. 

(9) From the data considered as a whole, magnesium carbonate is 
superior to calcium carbonate or limestone in stimulating the reproduc- 
tion of bacteria in Colby silt loam and Plainfield soils. In general, the 
smaller applications of either compound give better results than do the 
heavier applications. 
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HUMUS IN MULCHED BASINS, RELATION OF HUMUS 
CONTENT TO ORANGE PRODUCTION, AND EFFECT 
OF MULCHES ON ORANGE PRODUCTION 


By CHARLES A JENSEN, 
Assistant in Plant Malnutrition, Office of Biophysical Investigations, Bureau of Plant 
Industry, United States Department of Agriculture 


INTRODUCTION 


The formation of humus in a soil and its conservation are points that 
are usually given much weight in discussions of soil fertility. The free 
formation of humus in a soil from organic matter added to it is usually 
held to indicate that the soil its biologically active, and proper biological 
activity in a soil is conceded to be necessary under the usual agricul- 
tural practices. Hence, whatever the absolute value of soil humus may 
be as a factor in crop production, it is ordinarily conceded, other fac- 
tors being equal, that a soil which readily forms humus when organic 
matter is added is superior to one that does not. 

Previous work (r)' by this Office in southern California has shown 
that the mottling of Citrus leaves varied inversely with the humus con- 
tent in the soil. In other work by the same writers (2) it was shown 
that on certain soil types in the general region of Riverside, California, 
the use of the mulched-basin system in Citrus groves improved the tree 
conditions more than the usual system of cultivation and furrow irriga- 
tion, and that different green-manure substances when used as a mulch 
affected tree growth and fruit setting in varying degrees. 

It is therefore of practical value to obtain information about the rate 
of humus formation from various organic substances when employed 
either as a mulch or when worked into the soil, and to ascertain, if pos- 
sible, whether the increase in humus is correlated with increase in tree 
growth and fruit setting. 

This work reports the study of humus formation in mulched basins in 
Citrus groves, and the effect of different mulching materials on fruit 
production and tree growth. The work was done at Riverside. 

The term ‘‘humus”’ as used in this paper is the brown-colored organic 
matter extracted from a soil by boiling it for two minutes in a 7.5 per cent 
sodium-hydrate solution, after the removal of calcium from the soil with 
I per cent hydrochloric acid. 

The percentage of humus was determined colorimetrically by com- 
paring the intensity of the color of the soil extract thus obtained with the 
intensity of a standard humus solution prepared from the humus ex- 





1 Reference is made by number (italic) to ‘‘ Literature cited,’’ pp. 517-518 
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tracted from peat. In the great number of humus determinations made 
by the Office of Biophysical Investigations in the Citrus areas studied in 
California not a single humus extract obtained has been off-color, when 
compared with the standard solutions prepared for comparison. 

Gortner (4) obtained a black soil pigment from the soils he studied by 
extracting them successively with 4 per cent sodium hydroxid, 1 per cent 
hydrochloric acid, 4 per cent sodium hydroxid followed by water. The 
soil residue obtained from the last sodium-hydroxid extraction, when 
shaken with water in quantity, yielded the black pigment. 

Soils from various Citrus areas studied in this work did not produce 
black pigment in appreciable amounts when they had been extracted 
with hydrochloric acid to the absence of calcium, boiled for two minutes 
in a 7.5 per cent sodium-hydroxid solution, and washed with hot dilute 
sodium-hydroxid solution on the filter till the ““humus color” had been 
removed. It might be noted that a boiling 5 per cent solution of sodium 
hydroxid did not remove all the color from the soils, and that a 10 per 
cent solution removed no more than a 7.5 per cent solution. 

Following Gortner’s procedure, black pigments were obtained from 
some of the soils investigated in the Citrus areas of southern California. 

It should be noted that the colorimetric reading should be made as 
soon as the humus extract is obtained, as the color partially fades out 
on standing. 

As no evidence was obtained to indicate that any coloring matter was 
left in the soil after the extraction with boiling sodium hydroxid of the 
strength noted, and as the color tint was always the same as that of the 
standard used, it seems that this rapid method for humus determination 
is reliable for comparative studies, especially when used with soils in 
the same general area. 

Another objection to the colorimetric method is that undecomposed 
organic matter, like dry alfalfa, sweet clover, etc., produces a color when 
treated in the manner just described for making humus determinations. 
This objection is also brought out by Gortner (4). This matter was 
looked into when the method was worked out. When dry hay susbtances 
were extracted with hydrochloric acid to the absence of calcium, the 
chlorin washed out, and the residue boiled for several minutes with a 
7.5 per cent solution of sodium hydroxid, the organic materials yielded 
a yellow-colored solution entirely different in color from the brown to 
black humus color. 

A number of readings of these organic extracts gave a density of color 
corresponding to about 0.0012 per cent humus in soil, if it is assumed 
that 1 per cent of the substances was to be added to the soil. This is 
about the working error in making humus determinations by the method 
used, as will be seen from Table II, and such errors could have no influ- 
ence on comparative results in the kind of study here reported. Indeed 
there could never have been much of this off-color in the extracts, as a 
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uniform tint was always obtained from the soils studied in making humus 
extracts from them. The straw color produced by the extraction of soil 
with 1 to 2 per cent of undecomposed organic matter added was found 
to be so thoroughly obscured by the humus color of the soil that its pres- 
ence did not interfere with the colorimetric reading. 

It is well recognized that when hay material of many kinds is digested 
with hot hydrochloric acid and extracted with ammonia, a solution is 
obtained which in appearance and color can not be distinguished from 
a humus extract from a soil. 

Much of the literature relating to humus is discussed by Schreiner and 
Shorey (70). 

HUMUS FORMATION IN MULCHED BASINS 


EXPERIMENT I.—Mulched basins, 15 feet in diameter, were installed 
in an orange grove near Riverside, Cal., in March, 1915. The soil isa 
red clay loam, derived from granite, which underlies the soil at a depth 
of 3 to 4 feet. One half of the basins were mulched with about 180 
pounds of alfalfa (Medicago sativa) each and the other half with about 
20 cubic feet of good cow manure each. One half of the basins in each 
mulching series received 200 pounds of lime dust each. This lime was a 
by-product from the flues of a neighboring cement plant. It was com- 
posed of about 45 per cent of calcium carbonate, about 20 per cent of 
calcium hydrate, about 10 per cent of calcium sulphate, about 1 per cent 
of potash, and a little phosphoric acid. The balance was mostly silicious 
material. 

During August of the same year another row of orange trees in the same 
grove was basined and mulched with alfalfa. These basins were smaller 
than those just referred to, and less mulch was used. Part of these 
basins received about 100 pounds each of ground lime rock analyzing 
about 90 per cent calcium carbonate. The rest of the basins in the row 
were unlimed. 

All surface organic matter was carefully removed, and soil samples 
were taken to a depth of 3 feet in these basins, usually from three basins 
in each experiment, the samples being separated into foot sections. 
Corresponding foot samples from the three basins were composited, and 
each composite sample was analyzed in duplicate. The percentage 
reported in the following tables are the averages to a depth of 3 feet. 
Usually the samples were collected just before irrigation. 

Table I shows the average percentage of humus from time to time to a 
depth of 3 feet of soil in the basins under the various treatments during a 
period of from 12 to 17 months. 

The low humus percentage is due in part to the removal of several 
inches of the surface soil in constructing the basins, which suggests inci- 
dentally that in making basins as little surface soil as possible should 
be removed. 
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TABLE I.—Percentage of humus to a depth of 3 feet in mulched basins in orange groves 
on clay loam soil. Experiment I 





Basin treatment and percentage of humus. 





Small basins in- 
Large basins installed in March. stalled in August. 





Alfalfa | Manure | Alfalfa | Manure 
alone. alone. | and lime. | and lime. 





o. 118 
. 130 
- 136 
- 153 
"183 4 
. 188 
. 180 





. 156 





. 180 
. 246 . 287 +213 
+ 133 . 181 + 141 
» 231 : +220 


295 ‘ + 207 
292 215 





Average for 1916 ‘ 233 - 237 - 198 





Ratio 1916 to 1915 : 1. 49 I. 59 1. 38 ° I. 31 























It will be observed that the determinations show a fluctuation in the 
percentage of humus from time to time. This is doubtless due partly 
to the difficulty of getting uniform soil samples. This factor, however, 
does not afford a complete explanation, because the same kind of fluc- 
tuation was noted when determinations were made on soils kept in pots 
in the laboratory, where better control conditions obtained and where 
leaching was avoided. Neither can the fluctuations be due entirely to 
the working error in making humus determinations, since these errors 
are of smaller magnitude than the variations in the humus content of 
the soils, 

The following duplicate determinations made on March 31, 1915, the 
averages of which are given on the first line in Table I, illustrate the 
working error in making humus determinations by the method employed 
(Table IT). 

Heinze (6) states that after humus has been formed other bacteria, 
such as Azotobacter, commence to decompose it. McBeth (9) lays stress 
on the fact that the cellulose destroying organisms in the soil break down 
the organic matter in the soils with the formation of humus, and that the 
nitrifying organisms break the humus up into still simpler compounds 
through their nitrifying activities. 





Humus in Mulched Basins 





TaB._E II.—Working error in making humus determinations 





Humus. Humus. 





Per cent. 
©. 227 

- 227 

. OSI 

- 050 

- 023 

. 022 


. 200 
- 056 
- OST 
. 022 
. 02 




















From these considerations it might therefore be expected that the 
amount of humus in the soil in the basins would be subject to fluctua- 
tion, the amount present at any one time depending upon the ascendency 
of one or the other of these important groups of soil organisms. 

The fluctuation in the percentage of humus makes it impracticable to 
attempt to determine the rate at which humus was formed between 
specific dates. It will be seen in Table I that there is frequently a de- 
crease in the percentage of humus from one period to another, especially 
during the second year, a point that might possibly apply to determina- 
tions made by Gortner (5). He added silk, wool, flour, and alfalfa meal 
to soils, kept the materials in earthenware jars, and at the end of a year 
made humus determinations. In most instances he found less humus 
at the end of the year than he found in the treated soils when the experi- 
ment was started. It would have been of much interest if these deter- 
minations had been made frequently during the year. None of the 
losses of humus reported by him are greater than was sometimes found 
in a month’s time in humification studies carried out under laboratory 
control in this Office, to be reported later. 

A comparison of the amount of humus in the basins from year to year. 
is made by averaging the percentage found during each of the years 
1915 and 1916, as shown in Table I. At the bottom of the table will be 
found the ratio of the average percentage of humus in 1916 to that in 
1915. 

EXPERIMENT II.—In April, 1915, a block of orange trees in another 
grove on sandy loam soil was basined. The basins were about 12 feet 
in diameter, and the treatments were the same as in Experiment I, 
except that less lime was used. . 

The results of the humus determinations are given in Table III, which 
shows the fluctuation in the amount of humus from time to time. The 
ratio of the average percentage of humus in the basins in 1916 to that 
in 1915 is given in the bottom line in the table. 
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TABLE III.—Percentage of humus to depth of gfeet in mulched basins in orange groves on 
sandy loam soil. Experiment II 





Basin treatment and percentage of humus. 





Alfalfa | Manure | Alfalfa | Manure 
alone. alone. | and lime. | and lime. 





0. 169 ©. 214 0. 196 
. 128 - 121 . 126 . 164 
. 129 - 146 . 187 . 189 
. 230 ° . 283 . 260 
. 203 . 209 +255 + 307 
- 185 ° - 181 - 





-174 - 169 





. 251 
- 237 . 220 
. 129 . 180 
. 216 


+195 - 167 
- 296 





Average for 1916 . 199 . 220 

















Ratio, 1916 to 1915 1.14 I. 30 





EXPERIMENT III.—In October, 1915, a block of 60 trees in another 
orange grove of heavy sandy loam soil was basined and mulched. The 


basins were about 6 by 20 feet. The mulching materials used, the 
quantity of each, and the percentage of humus in the soil are given in 
Table IV. The percentages are averages to a depth of 3 feet. The 
amount of bean straw used was not enough to cover the soil, and so did 
not make an effective mulch. Some of these basins received in addition 
to the mulching material, 100 pounds ground lime rock, analyzing about 
go per cent calcium carbonate. 


TABLE IV.—Average percentage of humus to a depth of 3 feet in mulcned basins in an 
orange grove on heavy sandy loam. Experiment IIT 





Percentage of humus.| fumus 
F tatio— | Quantity of mulch and lime 
Penn Ree, Oct. 13, | June 27, —_e sane 
1915. 1916. a 








©. 223 | 0.316 . 41 | 125 pounds. 

. 160 . 185 . 16 | 100 pounds of lime. 

© 243 . 220 ‘ 70 pounds, 

Bean straw and lime..............] .241 . 240 : roo pounds of lime. 
Manure alone . 264 . 226 ‘ 20 cubic feet. 
Manure and lime +244 - 163 : too pounds of lime. 
Barley hay alone +319 + 247 ‘ 125 pounds. 
Barley hay and lime..............] «235 - 194 ‘ roo pounds of lime. 
Sweet clover alone +254 - 161 ‘ 125 pounds. 
Sweet clover and lime............]  . 237 . 215 ; 100 pounds of lime. 
Bur clover alone... .........5...] «279 + 203 ‘ 125 pounds. 
Pine shavings alone - 266 +279 ; 125 pounds, — 
Pine shavings and lime...........] . 265 . 206 : roo pounds of lime. 
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The basins with alfalfa as the mulch were the only ones which increased 
in percentage of humus during the interval given. Other experiments 
have shown that bean straw readily humifies. It is possible that if this 
had been applied in as large a quantity as the other substances, these 
basins would have increased in humus also. The lime was not consistent 
in its effect on the amount of humus formed. 

It is to be noted, however, that the percentage of humus as found in 
the summer, after the application of the mulches in the preceding fall, 
does not necessarily indicate that in most of these basins the average 
amount of humus had actually decreased. As shown in Tables I and’III, 
there are periodical fluctuations in the humus content, and the second set 
of determinations shown in Table IV may have been made at a time when 
the amount of humus was comparatively small. The figures in Table IV 
probably give an indication of the relative humifying activity in the 
basins. Each percentage given is an average of about six determinations. 

EXPERIMENT IV.—A series of basins was installed in a lemon grove 
near Corona, Cal., in October, 1915. The soil is sandy loam in texture 
interspersed freely with gravel so that samples below 3 feet can not be 
taken with the ordinary soil tube. 

The mulching materials used were alfalfa and manure and, in addition 
to the organic mulch, some of the basins received other artificial ma- 
terials—viz, blood, phosphate, tankage, sulphur, bone meal, and lime. 
In addition to the basined rows, several control rows were retained, and 
were manured, irrigated, and cultivated in the usual way. The amount 
of manure applied to the trees in the control rows was the same as applied 
in the basins. 

Soil samples were collected after the basins were made, on October 20, 
1915, and another set was taken on June 29, 1916. The detailed humus 
determinations made on the latter date did not indicate that any of the 
artificial substances added to the mulches produced any definite influence 
on the humus content. The average percentage of humus to a depth of 
3 feet in the alfalfa basins, manure basins, and in the control rows is 
given in Table V. Each percentage figure given in the table is made up 
of an average of about 21 determinations, each determination repre- 
senting a composite of at least three samples. 


TABLE V.—Average percentage of humus to a depth of 3 feet in unmulched soil and in 
mulched basins in a lemon grove on light sandy loam soil. Experiment IV 


| 


| Percentage of humus. 








Soil treatment. 
Oct. 20, | June 29, 
Igts. 1916. 





| 
Basins with alfalfa mulch | 0.360] 0306 
Basins with manure mulch : | . 345 . 361 
Furrow irrigation and surface cultivation; manured | + 5$8 . 380 











27811°—18——4 
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The low initial percentage of humus in the basins is partly due to the 
fact that 5 or 6 inches of the surface soil were removed in making the 
basins, owing to sloping ground. 

The percentage of humus in the manured basins in 1916 was about the 
same as in 1915, while in the alfalfa basins it was less. The decrease in 
the humus content in the manured soil furrow-irrigated and surface- 
cultivated is very appreciable, indicating that this system did not con- 
serve the humus as well as the basin system. 

The grove in which this experiment was conducted was deteriorating 
along with other groves in the neighborhood when the basins were in- 
stalled. The whole grove was in better condition in October, 1916, but 
there was no apparent difference in the appearance of or the amount of 
fruit on the trees basined as compared with trees not basined. The 
mulch-basin system in experiments conducted by this office has always 
produced a quicker response on trees on clay loam soil than on trees on 
sandy loam or light sandy loam soil. 

The deterioration of the grove above mentioned was evidently due to 
bad soil conditions, which quite likely affected the bacterial flora in such 
a way as to make it less efficient in converting the alfalfa into humus. 

In most cases presented above the percentage increase in humus during 
a period of from 9 to 17 months was greater in the basins on the clay loam 
soil than in those on the sandy loam soil, with both manure and alfalfa 
as the mulch. On the whole, the manured basins gained slightly more 
in humus content on both types of soil than the alfalfa-mulched basins. 
No correction has been made for the amount of humus added with the 
manure. This material contained about 5 per cent of humus when ap- 
plied, part of which undoubtedly found its way into the surface soil when 
the basins were irrigated. The percentage increase of humus in the 
manured basins therefore does not necessarily indicate that the manure 
had been humified to a greater extent than alfalfa. Data to be presented 
in another paper would indicate that the increase is likely due to the 
humus added with the manure. 

In all cases where lime was added to manure in basins the increase in 
humus was somewhat less than when manure alone was used. In most 
cases the addition of lime to alfalfa in basins produced slightly more 
humus than when alfalfa was added alone. Frear and Hess (3) found 
that field plots receiving manure and lime contained less active humus 
than unmanured plots. 

The amount of alfalfa or manure necessary to form a unit amount of 
humus can not be stated with exactness from the data available. In 
Experiments I and II the average increase in humus in the basins in 
1916 over the average amount present in 1915 would indicate that 1 part 
of humus was formed from about 10 to 12 parts of alfalfa, and 1 part of 
humus from about 26 parts of manure. These calculations agree fairly 
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well with results stated by others (7, p. 128-129), but are necessarily 
only estimates. 

The data obtained in the humus studies in mulched basins did not 
indicate that there was any very appreciable accumulation of humus in 
the lower soil depths due to leaching from the surface foot of soil. The 
detailed data showed that most of the change in humus content took 
place in the surface foot. 


RELATION OF HUMUS CONTENT OF THE SOIL TO ORANGE 
PRODUCTION 


EXPERIMENT I.—Picking records of the earlier basined trees in Experi- 
ment I were obtained from the company on whose grove the experiment 
was conducted, and are given in Table VI. 


TABLE VI.—Effect of different mulching materials on orange production. Experiment I. 
Picked May, 1917 





Average number of boxes of oranges | 1917 yield 
per tree. corrected on 

basis of pre- 

j vious yields 





Basin treatment. 





Alfalfa alone I. 49 ©. 71 3.31 tto 8 
Alfalfa and lime - 19 af 3. 61 . 26 to 33 


I 8 
Manure alone 1. 78 I. co 2. 16 ‘ g tors 
I Ss 


Manure and lime 02 1. 81 2.55 16 to 25 


- 32 




















This appreciable difference in fruit production of trees mulched with 
alfalfa and manure, respectively, does not correlate with the humus con- 
tent in the soil under the respective mulches, as may be seen from Table I. 
The manured basins average a slightly higher percentage of humus than 
the basins mulched with alfalfa. 

It will also be noticed in Table VI that the trees basined and mulched 
with manure in March, 1915, had previously produced slightly more 
fruit than the trees mulched with alfalfa. : 

When the oranges were picked in the spring of 1917, the color of the 
oranges on the trees mulched with alfalfa was discinctly more golden 
than the color of the oranges on the trees mulched with manure. 

EXPERIMENT II.—Individual tree picking records had not been kept 
of the trees in the grove in which this experiment was conducted. Indi- 
vidual tree picking records were obtained in the spring of 1917 from the 
company on whose grove the experiment was conducted. In this experi- 
ment a row of trees was left unbasined and was manured, furrow- 
irrigated, and cultivated in the usual manner. ‘The amount of manure 
per tree was the same as that put into the basins. 

The fruit production of the trees is given in Table VII. The number 
of trees used in each set of mulched trees was from 13 to 15. 
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TABLE VII.—Influence on orange production of different mulches in basins and by furrow 
irrigation and cultivation. Experiment II. Picked June, 1917 





Average for 
pase pn 
: num substance 
Soil treatment. of boxes with and 
per tree. without 
lime. 








Basins with alfalfa mulch alone } 8 
Basins with alfalfa mulch and lime , 4 
Basins with manure mulch alone ’ \ 
Basins with manure mulch and lime... 
Cultivated with manure alone, disked..................00 eee! \ 
Cultivated with manure and lime 








It is not known that the trees used in this experiment differed in 
yields previous to the installation of this experiment. However, as no 
individual tree picking records had been kept previous to the experi- 
ment, the comparative yields shown in Table VII do not carry the force 
they would if they could have been compared with the previous perform- 
ance of the same trees. In comparing the fruit production in experi- 
ments I and III, it seems safe to infer that the results obtained in Ex- 
periment II were indicative of the effect of the different organic mate- 
rials used. 

It will be noticed in Table III that the percentage of humus in the 
manured basins was slightly higher than that in the basins mulched 
with alfalfa, a result agreeing with that obtained in Experiment I. 

No appreciable difference in the color of the fruit from the trees dif- 
ferently treated was discernible. 

EXPERIMENT III.—The block of 60 orange trees used in this experi- 
ment had been used in a study of individual tree performance by the 
Office of Horticultural and Pomological Investigations, Bureau of Plant 
Industry. Individual tree records for the previous six years had been 
obtained, and these were kindly furnished by the Riverside officials of 
that Office. The picking records of the 1916-1917 crop are given in 
Table VIII, together with the basin treatments. The basins were in- 
stalled and mulched in October, 1915. 

No effect of the lime on fruit production could be definitely deter- 
mined; hence, the yields of all the trees mulched with the same organic 
matter have been averaged, including both limed and unlimed trees. 

The alfalfa-mulched trees produced more fruit than the manure- 
mulched trees, which result agrees with the results obtained in Ex- 
periments I and II. It does not appear from Table VIII that any 
legume whatever is superior to a nonlegume or to manure. The basined 
trees mulched with sweet clover and bur clover did not produce as much 
fruit as those mulched with alfalfa, bean straw, manure, or barley hay. 
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The color of the oranges on the trees mulched with alfalfa and bean 
straw was distinctly more golden than the color of the oranges on the 
trees mulched with the other organic substances. The foliage on the 
bean-straw and alfalfa-mulched trees was considerably denser and 
greener than that on the other trees. 


TABLE VIII.—Effect of different mulching materials in basins on orange production, 
Experiment III. Picked May, 1917 





Yield of oranges corrected on ba- 
sis of previous performance of 





Pound: Oran Average 
pny oar es ‘weight per 


orange. 





Pounds. 
308 881 ©. 350 
289 744 +3 
261 611 +427 
202 497 + 407 
Sweet clover hay 217 584 +372 
Bur clover hay 216 530 - 408 
Pine shavings 163 402 . 406 














On comparing the results of the humus determinations shown in 
Table IV with the fruit production shown in Table VIII it is evident 
that the percentage of humus in the soil does not correlate with the fruit 
production. There is, however, a correlation between the fruit produc- 
tion and the ratio of the humus content in 1916 to that in 1915, but such 
correlation is not evident in Experiments I and II. 

Closer examination of the picking records in Experiment III showed 
that the bean-mulched trees produced more first-class fruit of the more 
desirable sizes than the trees mulched with any of the other substances; 
the alfalfa-mulched trees were second in this respect; manure third; 
and barley fourth; while the trees mulched with sweet clover and pine 
shavings produced the least number of fruits of the first quality. 

It may be that some toxic substance is formed in the decomposition 
of the pine shavings which might account for the poor condition of the 
trees and for the small yield obtained from them; also the shavings prob- 
ably had a deleterious influence on nitrification. Redwood boxes for 
use in germinating Citrus seedlings proved unsuitable, because, when 
the root tips came in contact with the wood, they promptly died. 

Oranges from the trees in Experiments I, II, and III were analyzed, 
the analyses being made by the branch office of the Citrus By-products 
Laboratory in Los Angeles. The analyses did not bring out any con- 
sistent differences in the fruits from trees receiving different fertilizer 
treatments. 
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There was a consistent difference in the specific gravity of the oranges 
from the limed trees and from the unlimed, but the difference was small. 
The average specific gravity of the oranges from the mulched and limed 
trees was 1.0012, and of those from the mulched trees, but not limed, 
was 1.0307. The specific gravity was calculated from the grading 
results, and not by individual determinations of separate fruits. The 
error in sizing by the grading machine would probably be compensated 
by the number of fruits included, as the entire crop was used in the 
calculation. 

On the whole, the evidence obtained from these experiments does not 
show that the humus content of the soil correlates with orange pro- 
duction. Neither does the information obtained justify the statement 
that the humifying activity in the soil correlates with fruit production; 
but the results obtained would indicate that this point might be worthy 
of further study. 

It appears from the results here presented that the most important 
function of organic matter as influencing orange production is not that 
of merely furnishing humus; that humus in itself is not the most impor- 
tant product of organic degradation for orange production. It appears 
from other work (8) that a more important function of organic matter 
is to make the plant food in the soil minerals more readily available. 
It was found that organic substances, especially in a freshly decom- 
posing condition, dissolved plant food elements in appreciable amounts, 


even when the organic solvents contained practically no electrolytes. 
This function and that of promoting the biological activities of the soil 
seem to be more important rdéles of organic matter in the soil than merely 
to furnish humus. 


SUMMARY 


This report presents a study on (a) the changes in humus content in 
soils in basins mulched with different organic substances, (b) the effect 
of lime on humus content in soils in mulched basins, (c) the relation of 
humus content in the soil to orange production. 

By “humus” is meant the brown- to black-colored organic extract 
obtained from soil leached with 1 per cent hydrochloric acid to the 
absence of calcium and the soil residue boiled for two minutes in a 7.5 
per cent sodium-hydrate solution. 

Humus determinations in mulched basins in citrus groves showed a 
fluctuation in the percentage of humus from time to time. 

The average percentage of humus increased more in basins on clay 
loam soil than in basins on lighter soil tubes, with manure and alfalfa 
as mulching materials. 

Usually the percentage of humus in basins increased more when manure 
was used as mulch than when alfalfa was used as mulch. This seemed, 
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however, to be due more to the humus added with the manure, than 
to the greater ‘‘humification”’ of the manure over the alfalfa. 

When manure alone was used as mulch in basins the increase in hu- 
mus was greater than when lime was added with the manure. 

In most cases when lime was added to alfalfa in basins greater increase 
in the humus content occurred than when alfalfa alone was used. 

Blood, acid phosphate, bone meal, tankage, or sulphur did not show 
any appreciable influence on the changes of humus content in mulched 
basins. 

It was not evident that there was any appreciable accumulation of 
humus in the lower depths of soil due to the leaching of humus from the 
surface foot of soil. 

There was no evident correlation between the amount of humus in the 
soil in mulched basins and the amount of fruit on the trees. 

There was no evident effect of lime on orange production in these 
experiments. 


Alfalfa and bean-straw mulch in basins on the heavier soil types 
produced from 30 to 100 per cent more oranges per tree than manure 
mulch. Manure mulch produced more oranges per tree than either 
barley hay, sweet clover, bur clover, or pine shavings. These differ- 
ences were obtained in the summer following the application of the 
mulches in the preceding fall. 

Alfalfa mulch and manure mulch in basins on the lighter types of 


soil produced no observable differences on fruit production of lemons 
in the course of one year. This statement is based only on observation 
and not on picking records. 

In all experiments so far conducted by this Office in the Riverside area, 
the mulched-basin system on the heavier soil types has produced favora- 
ble growth response in a few months. It usually takes longer to produce 
appreciable response on the lighter soil types. 

It would appear directly from the work here reported, and indirectly 
from work elsewhere reported that the degradation products from 
freshly decomposing organic substances are more effective in orange 
production than the amount of “humus’’ formed. And the value of a 
given mulch does not necessarily depend upon its being a legume or 
nonlegume. 
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RELATION OF KINDS AND VARIETIES OF GRAIN TO 
HESSIAN-FLY INJURY? 
[PRELIMINARY REPORT] 


By James W. McCo.tocu, Assistant Entomologist, and S. C. Samon, Professor of 
Farm Crops, Kansas Agricultural Experiment Station 


It has long been known that certain varieties of wheat (Triticum spp.) 
are injured less than others by the Hessian fly (Mayetiola destructor). 
Packard? mentions the Underhill, Mediterranean, Lancaster, and 
Clawson varieties as being noted for resistance. He states that the 
Underhill variety has been highly recommended for nearly a century. 

Woodworth * made observations on 125 varieties of wheat grown at 
the California Experiment Station in 1886, 1887, and 1889, and noted 
the damage by Hessian fly in each. The Volo and Washington Glass 
varieties were not injured. Forelle; bearded wheat from Missoyen, 
Palestine; Polish; Bluegrass; Common March; Diamond; and Egyptian 
Imported were practically free from injury. 

Roberts, Slingerland, and Stone,‘ in summarizing their observations on 
Hessian-fly injury in New York, conclude that 
the resisting power of varieties varies greatly 
and that 
those with large, coarse, strong straw are less liable to injury than weak-strawed and 
slow-growing varieties. 

Six varieties are mentioned which were not appreciably affected by 
the fly in 1901, although numerous other varieties in the same neighbor- 
hoods were much injured. These varieties were Dawson Golden Chaff, 
Prosperity, No. 8, Democrat, Red Russian, and White Chaff Mediterranean. 

Gossard and Houser® made careful observations on 75 varieties of 
wheat and other grains grown at the Ohio Experiment Station in 1904, 
1905, and 1906. ‘They determined the percentage of stalks infested and 
of fallen straws. Their observations 
give but little support to the idea that there are immune varieties, 
and they suggest that cases of supposed immunity may be explained by 
some other hypothesis. They state, however, that the most persistent 
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search has never located a single Hessian-fly egg on oats, although eggs 
were found on many grasses. 

Since 1906 the relation between varieties and injury from Hessian 
fly has received scant attention from investigators. Presumably the 
work of Gossard and Houser has been accepted as disproof of the claims 
of earlier observers that some varieties are resistant and others immune. 

Recently claims of immunity put forth by growers of certain varieties, 
general observations by farmers in eastern and central Kansas that 
hard wheats are more susceptible to injury than soft varieties, and re- 
sults of experiments at the Kansas Agricultural Experiment Station 
indicate that the subject is at least worthy of further investigation. 

Experiments have been outlined to determine (1) the relative infes- 
tation and injury of different kinds, varieties, and strains of various 
small grain, and (2) why certain kinds and varieties are resistant or 
immune; or, if not, why they escape injury in some cases where others 
are badly injured. This paper is concerned primarily with the first 


problem. 
EXPERIMENTAL DATA 


The data reported in this paper were collected from 87 kinds and 
varieties of wheat (Triticum spp.), oats (Avena sativa), barley (Hordeum 
spp.), rye (Secale cereale), emmer (Triticum dicoccum), einkorn (Triti- 
cum monococcum), and spelt (Triticum spelta), planted in the Agronomy 
Nursery of the Kansas Agricultural Experiment Station in the fall of 
1916. The different varieties were planted each in a row 50 feet long and 
10 inches apart. Two plantings were made on each of two dates, Septem- 
ber 15 and October 1. The soil was in excellent condition, moisture 
was plentiful, germination was prompt, and growth was normal in every 
respect. Hessian flies were numerous, and, as far as known, there was 
ample opportunity for all varieties to become equally infested. In this 
paper all varieties are tabulated in the order in which they were planted. 

Eight of the varieties tested were from Australia (rows 1 to 8, inclu- 
sive, Table I), and had not been grown previously at Manhattan. The 
spring varieties and about half of the soft winter varieties had been ob- 
tained from various Experiment Stations in the United States in 1914 
and had been grown at Manhattan for two years only before being in- 
cluded in this experiment. All of the hard winter varieties and about 
half of the soft winter varieties had been grown at Manhattan for several 
years and were thoroughly acclimated. 

The relative number of eggs deposited on each variety was determined 
by taking five consecutive plants from the west end of each row and 
counting the total number of eggs on the leaves. The first count was 
made at the time of maximum deposition, September 25. Subsequent 
determinations were made for the early sown plots on October 2 and 7, 
and for the late sown plot on October 14. The total number of plants 
of each variety examined was 20. 
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The relative number of flaxseeds in each variety was determined by 
examining 50 consecutive plants of each row in each plot sown on Septem- 
ber 15, and 25 consecutive plants of each row in each plot sown on 
October 1, making a total of 150 plants of each variety. All plants were 
taken from the western end of the plots, or, in other words, adjacent 
to those plants which were examined for eggs. The pertinent data for 
each variety are given in Table I. 

That the Hessian fly is apparently able to discriminate between kinds 
and varieties of grain is shown by these data. For example, the total 
number of eggs per 100 plants in the early sown plots ranges from 40 for 
Culberson winter oats to 5,600 for Turkey winter wheat No. 2407. The 
proportion of plants on which eggs were laid varied from 20 per cent for 
Culberson winter oats and Michigan winter barley to 100 per cent for 
Tennessee winter barley and most of the varieties of wheat. 

The close agreement in determinations made at different times, and the 
striking differences in the number of eggs laid on adjoining varieties indi- 
cate that the difference can scarcely be attributed to experimental error. 
Thus, Turkey winter wheat No. 2407, which showed the highest total num- 
ber of eggs, also had the highest infestation on September 25, the second 
highest on October 10, when the second determination was made, and was 
among the highest on October 7, when the third determination was made, 
On the other hand, Culberson Winter oats, Michigan Winter barley, and 
einkorn had the lowest total infestation and the lowest on each date. 

Row 12 (Polish wheat) had a total of 2,040 eggs per 100 plants, as 
compared with 280 for row 13 (einkorn). Row 15 (spring emmer) had a 
total of 660 eggs per 100 plants, as compared with 1,740 for row 16 
(Black Winter emmer). 

On the whole, the Hessian fly appears to have shown a preference for 
common wheat, as compared with barley, oats, einkorn, spring emmer, 
spelt, and durum wheat. Black Winter emmer, Poulard wheat, and 
Polish wheat were as heavily infested with eggs as many of the common 
wheats. Rye showed a very heavy infestation, the total number of eggs 
per 100 plants being 2,500, which is well above the average for all grains 
included in the test. ‘ 

Varieties of the hard winter wheat class were more generally infested 
than soft winter wheat varieties. Thus, 27 varieties of hard winter 
wheat averaged 2,737 eggs per 100 plants, as compared with an average 
of 1,835 for 38 varieties of soft winter wheat. However, there are wide 
variations in each class. For example, No. 2408 and Mealy, which are 
soft, or semihard, varieties, were infested with 4,720 and 4,320 eggs, re- 
spectively, per 100 plants, showing almost as high an infestation as the 
most profusely infested varieties of hard wheat, and more than double 
that of some varieties. On the other hand, certain varieties of hard 
wheat, such as Defiance No. 2129, Red Winter No. 839, Improved Tur- 
key No. 2382, and Pesterboden No. 205, had a lower infestation than the 
average of the soft, or semihard, varieties. 





t~ 
St AM 
anv 


eoomomn 
Oonoowso 


A | 


m0 g aS RAs vv 


oomnonrmMandO TOOK RENE 


oo 6 
se oH 


 * ORUTM UesryoIy 
“** "JORMA VOSSouUay, | 


"MEDS PHOS zee : 


oe s'Reecigs ores ie amamaee. |° 


++ 98-999719g BeaMID 


J9}UIM Wossaqin>y 
PN, J9901 
13}UIM APT 


*-yeoym Ystjog 
a *-yeoym plefnog 


“wouuny uerpuy 
*Jepay 

** pueyaaryy pre oie ‘op’- 
-Jouanang | yeoqa tann(y 
sete Saog “yeaa Suisds 


Ajseq §,3ury [°° -yeotp O71 seanens 





Ss 
S 
S 

Re 

R 
2 
< 

— 
Ss 
: 
7 
Ss 
~ 


























“syuejd oor Jad s3Za jo Jaquinn 
































“Si Jaqutaqdas uo payurd ures 








“ures3 jo Aye A 








Af uvissazy ay fo uorznjsafur ay; pun urvsb fo Ajatsva ay, puv pury ay, u2amj4aq Uu01Djay—"] AAV], 








4 
= 
= 
~ 
= 
. 
SN 
3 
g 
= 
a4 
‘= 
5 
= 
3 
Re 














° 


atTODMOMOKDO TAM MMOD PHO MOHD MO MOMO OO MMO 


+ 


aaa a 


AMMAMMADPATGCA Me a md 


MaMa tSeMMMS HSA 





tpaantrawmwmododmDm andodd DO 





























attao +o TOO a HO 


--+ aymy, poaoidmy 


"U01}99T9S 
azuolg uesiyoIy |" 


--puqA yy woyuryse my |: 


SnopAIeY 
oes? SBT 


z ‘pugcHT Poomypaeg 


“yoysvITN 
* J933IN 


po nero 


-UIM pseH Ssoppseog 
wepogss3}sag 
"pqs AoyIny, 
“yore be 


BUI PR 





*JYM J9}UTM Pal PIEPT 


* eo = yos 


** Jeo JOUIM Ps 7JOS 


JeOYM JOIUTM pad PsP 
“Jeo J9IOTM pe oS 


*“yeoYM JOVUIM Pos PLY 
**yeayas JOzUTAA = Yos 


**yeoua JOzUTM Pos PseH 
* "Jey JOPULM PIs zjOS 
* yey JOzUIM Pas prey 
**yeoyss JOpULM Line yos 








Lal 
a 
Lal 


p JOY TUATT 
‘* puqéy woysurysey 


Vol. XII, No. 8 


~ 
hr OmamMmModa 
tmH MA A 
NO NOOO ™O 
od At i od 
_ HH ee 


“Meng 
21 d Ing popreog 
* OYTOIg ][asINg 


a 


S23 &83°83838 


ial 


"+ Jeo JOVUTM Por OS 
BeYD wepjoy uosmeg |: JIM JOPUIM 9}TYM IOS 
“ yeoyAd JOPUTAA Pas 30S 

*yeoym Le oS 


Qh HR 
° 
in) 


~ 


w woOTrTOnTONOdONnD Ooonnd ow 
HoH 


OmMoOMR~RmH BOmHOOrnOO 
aS 08 MIERNGAGCHMMHMSG DO 


cowmnowtrowroonoon 0 
amowoowrtwoonwoaoe 


++ 
WAAC AMAR 


‘*JeITM JIzJUIM PT JOS 





= 
oS 
~ 
8 
S 
Re 
3 
y 
= 
3 
8 
cod 
< 
i 
S 
: 
s 
= 


























“s}ue{d oor Jad $332 jo JaquinN 





























‘Ir BGOPO és ° 
Bo payne urei5 SI Jaquiaydag uo poyued ureisg urel3 jo AyaueA 




















penunuog—tyf uvissazy ay, fo uonnjsafur ay, puv usvsb fo Ajars00 ay, pun pury ay} usamjaq u01D;ay—" J] A’IAV J, 





> 
z 
= 
~N 
> 
~ 
: 
6 
.) 
a 
2 
. 
2 
N 
SO 
c 
.~4 
3 
8 
~— 
.) 
Re 


“aA[IED Apsrey pus Aaqay,T se WMOTY OSTe St FOITD MONIT o 





ogl ogr | oz ogS ogi ‘z 
ogg ‘x | obr ozS ‘1 | SLr ‘z 
obo ‘z | og ogl ‘1 | 691 ‘z |-uvowessoyIpoyy [ISG 
ozl ‘r | obz ozf ‘rt | 191 ‘ze |-** -sosedm’y UeULIDD 
obo ‘r | oz org LS1 ‘z 
096 ‘1 | ogr ogg ‘x | oS1 ‘z 
099 ‘I | Ooze oof ‘1 | ggo ‘ze | ‘uapjop mon Aaqig 


AS HAM 

















BRReHO MHA 


ac 








526 Journal of Agricultural Research Vol. XII, No. 8 





Perhaps the most significant: result is the high mortality of the eggs 
and larve, and as a result the relatively low infestation with flaxseed of all 
varieties and especially certain ones. The figures are open to criti- 
cism, so far as the absolute mortality is concerned, since more eggs may 
have been laid on the ends of the rows, where the egg counts were made, 
than on the adjoining plants, which were used for the flaxseed determi- 
nations. However, thiscriticism wouldnot hold for the relative mortality 
for the different varieties. 

As will be seen, no flaxseeds were found in einkorn, spring emmer, 
Culberson Winter oats, rye, and Illini Chief wheat. Very low infesta- 
tions, 5 per cent or less, were recorded for Tennessee Winter barley and 
for Beechwood Hybrid, Currell Selection, and Dawson Golden Chaff 
wheats. The data for rye and for Illini Chief and Dawson Golden Chaff 
wheats are especially significant, in view of the fact that 2,000 or more 
eggs per 100 plants were laid on each. 

Of the hard wheats, Red Winter No. 2132 is especially worthy of 
mention, since it had only 30 flaxseeds per 100 plants, as compared 
with over 200 for other varieties of the same class. Only 9 per cent of 
the plants of this variety were infested with flaxseeds, as compared with 
a range of from 28 to 62 per cent for other varieties of this class. 

In general, the data show a low, or no infestation, with flaxseeds 
for rye, barley, oats, durum wheat, Poulard wheat, Polish wheat, spelt, 
emmer, and einkorn. The average number of flaxseeds per 100 plants 
for 38 varieties of soft winter wheat was 76.1, as compared with 173.7 
for 27 varieties of hard winter wheat, an increase for the latter of more 
than 225 per cent. 

These conclusions are based on the rows planted on September 15, 
but essentially similar results were secured from those rows planted on 
October 1. The infestation on these plots was much lighter than in 
the former case, and the data are less conclusive. It will be noticed, 
however, that those varieties which were not infested or which show a 
low infestation in the first plantings exhibit a similar characteristic in 
the latter. 

FIELD TESTS.—In 1915 a bushel of Illini Chief wheat was secured by 
the Entomology Department of the Kansas State Agricultural College 
and planted in four localities in the State where the Hessian fly was 
abundant. 

The Illini Chief was practically free from injury in all cases. At 
Manhattan it showed less than a 1 per cent infestation, while Turkey 
wheat in an adjoining plot was infested practically 100 per cent. 

An examination of the plants in the fall and spring indicated that 
the fly showed no preference for either variety, the eggs being equally 
numerous on both plots. In the Illini Chief the maggots were able to 
work their way down to the crown of the plant, but at this point devel- 
opment appeared to be arrested and the larve died. 
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At Winfield, Kans., the Illini Chief was sown in the center of a 40- 
acre field of hard wheat. Determinations in the spring showed that 95 
per cent of the plants of hard wheat were infested, as compared with 
about 10 per cent for the Illini Chief. 

In 1916, a plot of Illini Chief wheat grown by the side of Turkey 
wheat showed an infestation of from 3 to 5 per cent, as compared with 
95 to 100 per cent for the Turkey variety. 

While these tests appear to show that Illini Chief is somewhat resist- 
ant to the Hessian fly, it should not be assumed that it is the best 
variety to grow. In Kansas it is one of the least hardy of all winter- 
wheat varieties and will survive none but the mildest winters. 


CONCLUSIONS 


The Hessian fly is able to discriminate between different kinds and 
varieties of grain. Eggs were laid on all the kinds and varieties of 
grain studied, but very sparingly on winter oats, winter barley, einkorn, 
spring emmer, spelt, and durum spring wheat. 

On the average, fewer eggs were laid on soft winter wheat than on 
hard red winter wheat, but exceptions in both cases were found. 

There appeared to be a large mortality of eggs or larve on all kinds 
and varieties studied. This appeared to be greatest for rye, einkorn, 
spring emmer, winter oats, and Illini Chief wheat. Very few flaxseeds 
were found on winter barley, and on Beechwood Hybrid, Currell Selec- 
tion, and Dawson Golden Chaff wheats. 
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